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INTRODUCTION

PLANT GUMS
The word "gum," as generally used, defies precise definition.
It has been applied to many substances, including terpenoid
resins, certain high molecular weight petroleum products and
some synthetic polymers, as well as numerous plant polysaccharides
and their derivatives.

In industry the word "gum" most frequently

refers to plant polysaccharides or their derivatives which, in hot
or cold water, produce viscous mixtures or solutions that may be
sticky or mucilaginous.

Whistler (1) considers that the classi-

fication of mucilages as a category distinct from gums has no
chemical significance and should be abandoned.

A classification

of gums and mucilages based on whether they are acidic, basic or
neutral has been proposed (2).

This accommodates all natural

and synthetic gums and mucilages.
The word "gum" and the term "plant gum," in the context of
this thesis, will be considered to apply only to the carbohydrate
exudates that form on the outer surfaces of various trees and
fruits.
Plant gums of commercial interest are widely distributed.
The trees either grow wild or are cultivated, and gum exudation
may occur naturally or as the result of "tapping" (1).

When the

.im has dried and hardened the nodules are picked by hand, graded
and marketed.

Adulteration of the product by the mixing of gums

from trees of different species may be accidental or deliberate.
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Thus gum arabic, consisting mainly of gum from Acacia senegal,
frequently contains a small quantity of gum from Acacia laeta
(3).

The two gums are indistinguishable in appearance.
More than 50,000 tons of Acacia gums are used annually for

industrial purposes.

The colloidal and hydrophilic properties

of these gums ensure their application in many fields such as
the manufacture of paper, pharmaceuticals, foodstuffs, emulsions,
cosmetics, textiles and adhesives.

A comprehensive list of the

applications of gums and mucilages is given by Smith and
Montgomery (2).

It is of interest to note that many of these

applications are based on empirical knowledge.

The development

of uynthetic polysaccharides and the chemical modification (4)
of those that occur naturally have, however, indicated ways in
which physical properties and structure may be correlated.
This introduces the possibility of polysaccharides being custommade for specific purposes but much more work remains to be done
before this goal is achieved.
FORMATION OF PLANT GUMS
Plant gums are exuded as sticky syrups that dry and harden
on exposure to air and sunlight forming hard, glassy nodules
varying in size, shape and colour.

During this process the

nodules may be contaminated by impurities such as sand, insects

or pieces of bark.

The polysaccharides of plant gums generally

contain several different sugars, D-galactose, D-xylose, Lrhamnose, L-arabinose, D-glucuronic acid and D-galacturofliC acid
being amongst those commonly found.

Also present in gums may

-3-

be varying amounts of moisture, inorganic materials, colouring
matter, proteins, enzymes, resinous materials, free monosaccharides and oligosaccharides, phenolic compounds, lignin
and inethoxyl or acetyl substituents (5 96).
It is not at all clear why some species of trees produce
gum (2).

The exudation of a gum may be:A normal metabolic process not influenced by external
agencies (7), or
A normal process of the plant that occurs in response
to external influences, or
A function solely of an external agency utilising
materials already present in the plant.

The evidence for each of these possibilities is inconclusive;
no precise theory of gum synthesis has yet been postulated.
Acacia trees grown under apparently ideal conditions (of temperature, humidity etc.) produce gum, but similar trees grown in
adverse conditions produce much more gum (8).

However, the

physical properties of A.senegal gum vary little with the season
of picking or with the type of soil in which the trees grow (3).
These facts suggest that gummosis is a normal metabolic process
that may, in certain respects, be influenced by the overall
health of the tree.
Several external agencies have been suggested as causative
factors involved in gum production.

Breakage of the continuity

of the bark of the tree leads to gum production, which occurs
possibly to seal off the wound and prevent infection (9).
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The resistance of plant gurus to degradation by micro-organisms
(10) favours this possibility.

Chagual gum is produced as a

result of attack by insects (11), but the precise reason for this
is not known.

The similarity of certain gurus to pneuniococcal

polysaocharides suggests their production by microbiological
synthesis and prompted an investigation (12,13) in search of
organisms capable of producing gums in artificial media.

All

the organisms tried produced not gums but fructosane of the levan
This would seem to indicate that gums are synthesised only

type.

by the plants.

Contrary to this, several types of bacterium

capable of producing heteropolysacoharictes in artificial media
have been isolated from the gums of a number of trees and also
from the tissues of the trees (14), but there is no evidence to
indicate that, in the natural state, the bacteria rather than the
plants are responsible for gum synthesis.
eflZyme8

It is possible that

liberated by fungal growth on a plant (14) or infection

by micro-organisms (8) can influence gum production, and there is
evidence that fungal growth at the site of gummosis influences the
solubility of Acacia gums (15).

This effect on solubility may

occur after the actual process of gum synthesis.

It has be'n

noted in this connection that Stereum purpureumn funus slowly
hydrolyses cherry gum to yield the component sugars (15).
These results suggest that gumnmosis is a natural metabolic
process of the plant that may be triggered off or influenced by
external agencies.

However, it must be emphasised that the

paucity of evidence available at present precludes all but the
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most general of hypotheses and indicates the need for further
studies in this field.
Enzymic polymerisation, whether or not it is induced by some
external influence, is the most probable mode of plant gum biosynthesis.

If this is the case, then traces of the enzymes may

be present in the gums.

It has been reported that, under aseptic

conditions, autolysis of certain plant gums can be effected by an
enzyme present in them (16).

Oxidases, peroxidases, pectinases

and diastases are also found in some gums (17).

These enzymes may

inactivate the degrading enzymes and so be responsible for the
resistance to autolysia of some gum solutions (6).

Possible

precursors of gums in the biosynthetic pathway are starch (18),
pentose oligosaceharides (6,19) and cellulose or hydrocellulose
(20), but conclusive evidence regarding this has not yet been
obtained.

Free sugars and oligosaocharides have, however, been

isolated from some plant gums (5,6).

The neutral sugars of plum

gum are present in the free state in the tissues of the tree,
and, shortly before gum exudation from it actually occurs, Dglucuronic acid appears in the fruit (21).

At a site of injury,

gain is produced in such quantity that it seems likely that its
constituent materials are mobilised at or near that site (19).
A histochemical study of cherry gum (22) shows that, to begin with,
the gum granulations are formed of polymerised hexoses.

Uronic

acids and pentoses then appear at the peripheries of the granulations which become soluble, turning into true gum.

The cell

walls of the plant are not thought to be concerned in these
processes.

WIE

ACACIA GUMS (GUM ARABIC)
Gum arabic is obtained from trees of the various species
of the genus Acacia (subfamily riimosoideae, family Legurninosae).
Much confusion exists regarding the various names given to gunk
These names, however, have been tabulated, together

arabic.

with the geographical origins and botanical sources of the gums
(1).

More than five hundred species of Acacia are known.

They

are found in tropical and subtropical regions and favour hot,
dry locations.

The world's major source of gum arabic is the

Republic of the Sudan.

About two dozen species of Acacia are

found there, but most of the gum collected comes from only one
of them, A. senegal (syn. A.verek).

In some areas the trees are

cultivated, while in others the gum is collected from wild trees.
About 90% of the gum comes from A.senegal and less than 10% from
A.aeyal ("gum Talh"), the gum from this species being, for
industrial purposes, inferior to that from A.senegal.

Other

species of Acacia exude gums, but these are not exploited to any
extent in the Sudan, since the policy in recent years has been
to restrict collection of gum to that exuded by A.senegal.
leads to a uniform product of high grade.

This

Tapping of the trees

was introduced about fifty years ago ai is now widely practised.
The gum is generally graded before being marketed, the best
grades being practically colourless and free from extraneous
material.

Sometimes the gum is bleached in the sun to improve

its quality.
The production of gum arabic has kept pace with world demand,
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thus ensuring a stable market.

No substitute (23) so far tried

has the particular physical properties that make gum arabic so
useful for numerous purpses in industry.
COLLECTION AND PURIFICATION OF PLANT GUMS
In studies of plant gums it is of the utmost importance
that botanically authentic samples are used.

The gums should,

if possible, be collected under the supervision of a qualified
botanist.

Commercial samples should be rigorously avoided,

since their authenticity and purity are not beyond question.
The identification by chemical methods (2,24) of a plant gum of
suspect origin is largely empirical and it is of limited value
when applied to mixtures of gums.
Plant gums may be purified by various methods.

If much

resinous material is present it is, as a preliminary stage of
purification, extracted with an organic solvent (25-27).

Gums

which are predominantly carbohydrate in composition are frequently

purified by dissolving them in water, filtering to remove any
insoluble matter and precipitating the purified gum acid by
the addition of acidified ethanol.

This method has been applied

to Acacia gains of various species (28-34), mesquite gum (35),
damson gum (36) and numerous others.

Some plant gums, however,

are insoluble in water but may be dissolved in dilute sodium
hydroxide solution before precipitation with alcohol.

Examples

of these are A.inollissirna gum (37), karaya gum (38) and golden
apple gum (39).

Dissolution of gums in alkali should, however,

be avoided if possible, since degradation of polysaccharides

under alkaline conditions is known to occur (40,41) and substituent acetyl groups are removed (42).

Acetone, methyl

alcohol and glacial acetic acid may be used as alternative
precipitating agents (23,43).
It has been reported (44) that ethanol precipitation
affects the solubility of gum arabic, thus rendering it unsuitable for physico-chemical studies (45).

Traces of moisture

and organic solvents are tenaciously retained by polysaccharides
(46,47) and are not completely removed by drying.

This retention

of solvents is the probable cause of the small alkoxyl contents
of gums purified by solvent precipitation.

They were oriina11y

thought to be due to esterification during purification (45,49).
However, there is evidence that some degree of esterification of
polyuronides may result from the use of acidified ethanol (50,51),
and, in the case of Albizia zygia gum (52), an artefact thought
to be a mono-O-ethyl sugar was produced after purification with
ethanol but not after purification with isopropanol.
Complex formation as a means of extraction and purification
has been widely applied to the structural polysaccharides of
plants but to only a few plant gums.

Complexes formed between

gums and copper salts or long-chain quaternary ammonium salts
have been utilised in several instances (27,38,53,54).
A very low ash content is necessarj if the physical properties of a gum are to be investigated, since any cations present
may form cross-links between the polymer molecules (55).
Precipitation methods do not reduce the ash content of gums to

S

any great extent (54).

Ion-exchange methods are better (26,

44 9 54956)9 but, in order to obtain extremely pure products, the

most effective method is e1ectrodia1sis (3 9 54 9 57 9 58).
The method used to dry a polysaccharide may influence its
solubility (59).

Freeze-drying ensures minimum solvent

retention ( 46) but it would appear that gums dried by any method

lose their solubility on storage (30,44 9 57).

In this labora-

tory it has been found that, over a period of several months,
freeze-dried samples of Acacia gums slowly become insoluble.
There is evidence that cross-linking occurs between the uronic
acid functions (44) 9 possibly due to the formation of intermolecular lactone bridges (51)especially at elevated temperatures.
Heating should be avoided in the purification of plant gums
since there is a risk of transglycosidition (60) in the solid
state, and scission of labile bonds in solution, especially
under acid conditions.
The complete removal of proteinaceous material from gums
is extremely difficult to achieve (57).

Ordinary methods of

purification are unsatisfactory for this purpose and a small
quantity of nitrogenous constituent almost invariably remains
in association with the carbohydrate material (3,61).

Its

precise function in relation to the polysaccharide is not known
although it seems likely that a complex of the two is formed (2).
There is some evidence for this in the fact that, in a plant gum,
viscosity increases and solubility decreases with increasing
nitrogen content (28,61,62).

Similar results regarding viscosity
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and nitrogen content were obtained in studies of a bacteriologically synthesised dextran (63).

It has been demonstrated

(64) that the immunological specificity of a dextran depends on
its nitrogenous constituent, since the antigenic properties
disappear when the nitrogen content of the dextran falls below
0.2.

It has also been shown that the antigenic properties of

gum arabic are connected with its nitrogen content (65).

From

studies of starch and dextran (66), evidence has been obtained
that an enzyme remains in combination with the polysaccharide it
has synthesised.

Complete removal of such an enzyme by chemical

means leaves a degraded polysaccharide.

The nitrogenous con-

stituents of polysaccharides contain phosphorus and appear to
be nucleoproteins.

Usually the nitrogenous constituents of

plant gums are completely ignored or regarded as impurities,
but the evidence suggests that they are worthy of serious investigation since, to a marked extent, they may determine the
physical and antigenic properties of the gums.
AN1U1TIAL STUDIES OF PLANT GJMS
Chemical investigations of plant gum structures are usually
carried out on batches of gum nodules that may have come from a
number of different trees and sources.

It is therefore necessary

to determine the range of variation in properties that may be
encountered among the nodules and to ensure that the bulk samples
are characteristic of the species.

Analysis before and after

purification may be used to determine the degree of purification
of the samples and the amount of degradation, if any, that has

occurred in the process.

The properties investigated in analytical

surveys may include moisture, ash, nitrogen, sulphur, halogen,
acetyl, alkoxyl and uronic acid contents, neutral sugar ratios,
equivalent weights, optical rotations, molecular weights and the
pH of solutions.

Plant gum ash, the subject of several investi-

gations (67), has been found to contain silica and such cations
as magnesium, iron, copper, sodium, potassium and calcium.
In a number of cases analysis has shown similarities between

different samples of the same species of gum (3 9 29,36,43,68-70).
Nodule differences have been investigated and considered insignificant
for Brachychiton diversifolium gum (71), karaya gum (38), cholla gum
(72) and Albizia zygia gum (52).

A single nodule of A.pycnantha

gum was found to have the sme composition as a bulk sample

(28)

and two bulk samples of gum ghatti were found to have similar
properties (49).

However, in several instances, significant

differences too great to be explained by analytical error have
been found.

Three nodules of Sterculia setigera were sufficiently

different to indicate that the composition of gums may be variable
(73).

Also recorded are variations in Combretuzn leonense nodules

(74), but these were not as marked as variations in nodules from
A. seyal (54).

Such results indicate that inter-nodule variations

in fine structure may exist.

The increasing importance of analytical studies of plant gums
is indicated in recent work in which the properties of a number of
Acacia gums are compared.

When the limiting flow-time numbers are

plotted against the methoxyl contents of gums from fifteen different
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Acacia species a smooth curve is obtained (75).

It has also

been found, in a further study of the same fifteen species of
gum, that for all those with negative specific rotations the ratio
of rhamnose to uronia anhydride is approximately unity, while for
all those with positive rotations the ratio is greater than unity
In this context the mutual dependence of viscosity and

(76).

nitrogen content mentioned in the previous section is of importance.
The overall significance of these observations is not apparent at
present, but it seems possible that families of gums could be
classified in such a manner that the value of one property may be
predicted from that of another.

This could be of considerable

industrial importance if, for instance, modification of a substituent grouping gave a predictable change in viscosity.

The

results of this type of approach have only been qualitative so
far, in that the effect of a modification can sometimes be predicted
but not the extent of the change (77).
FRACTIONATION OF POLYSACCHARIDES
Polysaccharides are extremely complex substances and so far
it has not been possible to postulate an unequivocal structure for
any one of them.

The available evidence indicates that, unlike

those of proteins, polysaccharide macromolecules do not have
discrete structures, but display random variations in size, in
the arrangement of side-chains and in the distribution of branch
points.

Because of this there can be postulated only an average

structure that includes all the main features.

This raises, in

an acute form, the problem of fractionation, since polysaccharide
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heterogeneity may range from small variations of a fairly constant
structure to the gross differences exemplified by the components
of starch.

It is also likely that the molecules of each major

fraction of a grossly heterogeneous polysaccharide show small
variations in structure and so sub-fractionation may be possible.
Widely differing components may usually bi sejarated fairly readily,
but fractionation of a polysaccharide is extremely difficult and

almost invariably incomplete when its molecules vary only slightly
or else continuously over a range of possible structures.

When

structural variations are of this latter type, fractionation yields
components with smaller ranges of structural variation than the
whole polysacoh.ride, and hence chemical studies can lead only to
the postulation of a number of average structures.

Indeed, in

the logical extreme, it is valid to refer to discrete structures
only when considering the structures of single molecules.

Inves-

tigations on this scale are precluded by the complete absence of
suitable techniques, so, deficient though they are, ordinary
chernioaltudies must be employed.
In the literature the term "heterogenous" is applied to a
polysaccharide that can be separated into two or more fractions

having different properties.

Despite the fact that all poly-

saccharides probably display some degree of heterogeneity, a
polysaccharide that onnot be fractionated by any known technique
is generally referred to as "homogeneous." The danger of this
criterion is obvious but it is unavoidable.

The risk of an

erroneous conclusion is minimised, but not eliminated, by trying
as many fractionation methods as possible.

The fact that no
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differences were found on analysis of nodules or bulk samples of
some plant gums has, in a number of cases, been taken as a criterion
of homogeneity (28,37,38,70).

There is, however, no valid basis

for this assumption, since similar mixtures of different components
in the samples would give the same results.

The success of a

fractionation method may be evaluated by analysis of the fractions
and the original material, but, in this connection, analysis of the
unfractionated material by itself is significant only if differences
between the samples are found, since this is an indication of
heterogeneity.
There is no strict boundary between purification and fractionation.

For instance, most plant gums contain some carbohydrate

material that forms an insoluble gel in water while the remainder of
the gum is completely soluble.

When only a small amount of this

insoluble fraction is present it is usually regarded as an impurity
and filtered off, but, if it is present in reasonable quantity, it
maybe considered worthy of investigation (23).

Many of the methods

used - o fractioriats polysaccharides may also be used to iurify them

and vice versa.
Numerous fractionation methods have been devised and they are
often adapted to suit the particular instance in which they are
being applied.

To be of practical use these methods must be re-

producible, ap1icab1e on a small or a large scale, and they must
have no deleterious effect on the material being fractionated.
The most widely used methods of fractionation involve fractional
precipitation.

Co-precipitation, the principle hazard of such

methods, may be minimised by repeated fractional precipitation, but
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in general only a partial separation 18 possible unless the
The

solubilities of the polysaccharide components vary widely.

simplest of these methods is the precipitation of fractions on
cooling a hot aqueous polysaccharide solution.

It has been used

to fractionate a few polysaccharides (78) but is unsuitable for
plant gums owing to their high solubility and the risk of
autohydrolysis.
The graded addition of ethanol (33) or methanol (13) is widely
applied in precipitating fractions from a solution of a poiysacoharide in water or dilute sodium hydroxide (71). Fractionation
can often be achieved by this method when there are gross
differences between the polysaccharide components (42, 79, 80).
In oases where there is apparently no gross heterogeneity, there
may be slight differences in the physical properties of the
precipitated fractions (619 81)9 but usually the majority of the
fractions have similar properties, indicating either that the
polysaccharide is essentially homogeneous or that fractionation
has not been achieved (26,33,44,82-84). In such a case refractionation of any one fraction generally gives the same precipitation
pattern as is found in the original material (85).

A poly-

saccharide is usually considered to be homogeneous if a sigmoid
curve is obtained on plotting the weight of material precipitated
against the percentage of alcohol in the solution (86).

Acetic

acid has been suggested as an alternative to alcohol for the
precipitation of plant gums providing no degradation occurs (2).
Another commonly employed method of fractionation is the
fractional precipitation of acetylated (84) or methylated
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polysaccharides.

The use of such polysaccharide derivatives

reduces hydrugen bonding and the tendency for molecular
association, and so more efficient fractionation should be
obtained than when the unsubstituted material is used.

The most

usual method is the precipitation of a methylated polysaccharide
from its solution in chloroform by the addition of light petroleum
(83), but precipitation from chloroform or acetone solution by the
addition of ligroin (87) or ether (88) has also been employed.
In certain cases, fractions differing in their viscosities (89 9 90),
optical rotations (91) or sugar ratios (9203) have been obtained,
but most plant gums give results indicative of homogeneity (28,84 9
Small fractions differing from the bulk of the material

94).

have been found (95,96), but these are probably the result of
incomplete rneth1ation of the polysaccharide (83).

It would

appear that successful fractionation by this particular technique
is achieved only when the polysaccharide is grossly heterogeneous
(47,95).

Another useful technique is the precipitation of polysaccharide fractions from aqueous solutions by the addition of
salts.

It has not been applied to any extent in the fractionation

of plant gums, but recently fractions precipitated from a solution
of A.senegal gum by the addition of anhydrous sodium sulphate have
been examined.

The higher molecular weight fractions were

precipitated first and a linear correlation was found to exist
between the viscosities and the molecular weights of the fractions
(97).

Little variation in the degree of branching of the

polysaccharide fractions was found, but varying proportions of
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galactose to arabinose indicated the chemical heterogeneity of
the gum (98).

It was suggested that the term "heteropolymolecular"

be used to describe such a polymer system in which there is a
variation in monomer composition and/or a variation in the mode
of linking and branching of the monomer units in addition to a
distribution of molecular weights.

Ammonium sulphate has been

used to fractionate neutral polysaccharides (99), and ammonium,
potassium, manganoue, rubidium and cesium salts have been used to
fractionate seaweed polysaccharides (100).
The formation of insoluble complexes may be utilised in
fractionation.

Barium hydroxide has been used as a selective

precipitating agent for hemiceiltaloses (101).

It forms complexes

with mannans and glucomannans probably by reaction with the
violnal hydroxyl groups attached to the second and third carbon
atoms of mannose.

These complexes are precipitated by the

addition of an organic solvent.

Barium hydroxide has also been

used to fractionate the water soluble polysaccharides of seaweed
(102).

The barium (103) or calcium (104) salts of some acidic

polysaocharides are insoluble, thus enabling good separation from
neutral polysaccharides to be achieved.

The minor component of

senegalerisis gum was precipitated as its calcium salt after
removal of the major component by alcohol precipitation (105).
Copper sulphate has been used to fractionate gum myrrh (26,27).

The addition of copper sulphate to a neutral solution of the gum
precipitated a polysaccharide that differed in optical rotation,
equivalent weight and protein content from the po1saccharide
Sterculia urens polysaccharide, however,
remaining in solution.

was regenerated unchanged from its ooper complex (53).

The

galactomannans of soy bean hulls have been fractionated using
copper acetate and alcohol (106).

Fehling's solution effects

a partial separation of the glucomannan and polyglucosan of
Iles mannan (93) and has been used to fractionate the water-

soluble polysaccharides of Scotch pine (107).

Copper complexes

of pol'saooharides may be formed only from polysaccharides that
have adjacent ole hydroxyl groups held at a relatively small
angle to each other (108).

A change in optical rotation occurs

on the formation of the cupraimoniwn complexes of polysaccharides
that have adjacent cis hydroxyl groups on the second and third
carbon atoms of the sugar units (109).

From the magnitude of

this chance, information may be derived regarding the g1ycosidic
linkages of such polysaccharides.

Acidic polysaccharides are precipitated by long chain quaternary
ammonium compounds while neutral polysaccharides are not so affected
(110-112).

The precipitates are probably salts, since suppression

of the dissociation of the carboxyl groups of the polysaccharide by

the addition of acid prevents precipitation, and, on titration,
"flocculation" end-points are obtained corresponding to stolchiometric salt formation (111).

The precipitated salts are soluble

in salt solutions whose concentrations are characteristic and
widely different, thus providing a fractionation method.

The

shorter the quaternary ammonium chain, the lower the concentration

of salt solution required to dissolve the precipitate (113).
The concentration of salt solution required to dissolve the
precipitate or to prevent precipitation is known as the "critical
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salt concentration" (114).

uaternary ammonium compounds that

have been used for fractionation include cetyltrimethylammonium
bromide ("Cetavlon"), cetylpyridinium chloride ("CPC"), cetyltrirnethylammonium hydroxide (115), benzylcetyldimethylamraonium
chloride (111) and hexadecyltrimethylarnmonium chloride (116).
Sodium sulphate solution selectively dissolves the precipitated
CPa complexes of carboxylic polysaccharides, thus separating them
from the 020 complexes of sulphated polysaccharides which are not
so affected (117).

Neutral polysaccharides are not precipitated

directly by Cetavlon or CPC, but, if they are complexed with
borate, selective precipitation may be induced (115,118,119).
Precipitation of the quaternary ammonium complexes of neutral
polysaccharides also takes place in potassium hydroxide solution,
the precipitates being soluble in salt solutions (119).

The CPC

complexes of acidic mucopolysaccharides have been separated on
inert columns by elution with salt solutions (114,120).

Attempts

to fractionate plant gums using Cetavlon gave results indicative
of homogeneity in a number of oases (52-54,84).

Cetavlon may be

removed from solutions with fuller's earth (113) or by precipitating it with potassium iodide solution and then extracting the
remaining traces with chloroform (ill).

Residual amounts of

quaternary ammonium compounds in a polysaccharide may be estimated
by a speotrophotometric method (121).
Solvent extraction has been employed as a fractionation
method in a number of instances. Methylated gum tragacanth has
been fractionated by water extraction (87).

Water extraction of

cholla gum gave components containing different amounts of the

same sugars (25), however, the hydrolysates of fractions obtained
in this waj from Brachychiton diversifolium gum were identical
(71).

Extraction with water and then with sodium hydroxide

solution fractionated the galactan of Strychnos nux-vomica seeds
(122)9 but an attempt to fractionate peach gum by this method
resulted in fractions with similar properties (43).

Ethanol

extraction has been used successfully in some cases (47) but
without success in others (48).

Fractions with similar properties

were obtained when egg plum gum was extracted with various solvents
(68) and the extraction of seed mucilage acetates with acetonechloroform mixtures gave soluble and insoluble fractions whose
methylated products were similar (123).

Diinethyl sulphoxide (124)

has been used as an extraction solvent for certain polysaccharides,
especially those containing acetyl groups, but it has not so far
been tried on plant gums,
Countercurrent distribution is a fractionation method based

on solvent extraction and utilises the relative distributions of
the constituents of a mixture between two or more phases (125).
Application of the method in polysaccharide chemistry is limited
by the lack of suitable solvents.

Mixtures of methylated or

acetylated polisaccharides have been fractionated, but the
unsubstituted materials are generally too insoluble except in
water (126) to permit use of the method.

In a number of cases,

"carriers" such as fatty amines have been used to alter temporarily
the solubility of the polysaccharides to such an extent that
countercurrent distribution is possible (127).
notappear to have been tried on plant gums.

The method does

- 21 Chromatographic fractionation of polysaccharides has been
achieved by the use of ion-exchange cellulose derivatives such
as diethylaininoethyl (DEAE-) cellulose (128) and epichlorohydrintriethanolamine (ECTEOLA-) cellulose (129).

At neutral or

slightly acidic pH values,rutral polysaccharides are adsorbed
on the cellulose derivative either weakly or not at all, and may
be eluted at the same pH with buffers of increasing ionic strength.
Neutral polysaccharides may also be adsorbed on the hydroxyl form
of the cellulose derivative and fractionated byelution with
increasing concentrations of alkali.

Acidic polysaocharides

are readily adsorbed at neutral or weakly acidic pH values but
can only be eluted by increasing the pH of the eluant.

This

provides a useful technique for fractionating mixtures of neutral
and acidic polysaccharides.

The fractionation effect may be

increased by the use of the borate form of DEAE-cellulose and
elution with sodium borate solutions of increasing concentration.
The relative affinities of a number of anions for CTE0LAcellulose have been investigated (130).
found to have the greatest affinity.

The hydroxyl ion was
The conditions for the

regeneration of ECTEOLA-cellulose have also been studied (131).
Since the rate of ion-exchange is slow in the pH range five to
eight (132), some of the hydroxyl groups of the cellulose derivative remain unconverted unless large volumes of buffer are used.
When equilibrated, the columns cannot be stored for long because
ion-exchange continues during storage and thus disturbs the
equilibrium.

The exchange rate for DEAE-cellulose is more rapid than

that for ECTEOLA-cellulose and so DEAE-cellulose columns deteriorate
DEAE-cellulose is said to be very stable
even faster on storage.
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in molar sodium hydroxide solution but to deteriorate under
prolonged acid conditions (133).
It is unlikely that the fractionation of polysaccharides on
DiAE-cellulose is simply an ion-exchange process.
effects almost certainly occur as well.

Adsorption

The fractionation

pattern of wood polysaccharides was drastically altered by the
presence of area in the eluants (134).

The effect of the urea

was to eliminate secondary binding forces such as hydrogen bonds
and thus enhance the ionic interactions that occur during the
fractionation.

Factors favouring the strong adsorption of

pectic substances on DEAE-cellulose were found to be a small
number of side groups, a low deree of esterification and a high
degree of polymerisation (135).

DEAE.-cellulose chromatography is

best applied to highly branched polysaccharides, since relatively
linear polysaccharides are very strongly adsorbed and thus are
not so easily fractionated by this method.

The irreversible

adsorption of carnation hemicellulose on DEAE-cellulose was
assumed to be due to the essential linearity of the polysaccharide

(136).
The advantages and disadvantages of stepwise and gradient
elution have been considered (137-139).

The elution of a com-

ponent of a mixture by an eluant of constant composition is apt
to cause "tailing" (the elution of the material as an elongated
zone) unless the Rf value of the component is close to unity (140),
thus effective separation of a mixture by stepwise elution is only
possible if each component, in order that its Rf value is nearly
unity, requires a different ionic strength of buffer.

Difficulty

- 23 -

arises, however, when the conditions of a single step of the
elution are such that more than one component of the mixture is
eluted.

Another disadvantage of stepwise elution is that a

substance with an extended elution range may not be completely
eluted by one buffer and may be further eluted by subsequent
buffers, appearing as zones near the solvent fronts (138).

The

affinity of cellulose ion-exchangers for the hydroxyl ion may
contribute to the production of a fraction each time the buffer
is changed, since hydroxyl ions displaced by the new buffer
cause a rise in pH that may disturb the equilibrium between the
column and the material being fractionated (131).

Thus, as a

method of assessing homogeneity, stepwise elution is far from
ideal (141).

The disadvantages of gradient elution are that

the fractions produced are sometimes composite and that the
resolution obtained may not be as clear cut as in stepwise
elution (140).

These disadvantages are probably the result of

displacement effects, since a strongly adsorbed substance, A,
may be less strongly adsorbed in the presence of another less
adsorbed substance, B.

Hence A may travel with B for a con-

siderable distance before the separation is complete and A can
revert to its own rate of travel which is slower than that of B.
Generalisation as to whether gradient elution is better than
stepwise elution or vice versa is not possible, since the system
that gives the best results depends very much on the particular
material being fractionated (129).

Methods of producing buffer

gradients for use in gradient elution have been described (142).
In general a linear gradient is preferable to a curved one (139).
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Various polysaccharides have been fractionated on DEAEA galactoinannan from soy bean bulls was separated

cellulose.

into an acidic and a neutral component (106).

It was found,

however, that the neutral glucans could not be removed from the
water-soluble polysaccharides of Cladophora rupestris (143),

80

caution is necessary if the method is used as a criterion of
homogeneity.

Using DEAE-cellulose in the phosphate form and

eluting with phosphate buffers, fractionation of the acidic polysaccharides of Ulva lactuca, a green seaweed, was unsuccessful,
but three fractions were obtained using the chloride form of
DEAE-cellulose and eluting with chloride buffers (144).

Each

of these fractions contained the same sugars in approximately the
same proportions and they also had similar specific rotations and
identical infra-red spectra.

The fractions, however, did have

different molecular weights, the highest being that of the first
fraction eluted.

The third fraction gave only one peak on

ultracentrifugation whereas the whole polysaccharide was heterogeneous.

It was concluded that the whole polysaccharide was a

polydisperse heteropolysaccharide.

Alginic acid, when similarly

treated, gave two fractions each containing the same relative
proportions of D-mannuronic and L-guluronlc acids (145).
The behaviour of a number of plant gums on DEAE-cellulose
has been studied.

Khaya senegalenBis gum was fractionated into

two acidic polysaccharides (105) 9 whereas Steroulia urens gum
(53) and the two fractions of gum tragacanth (80) appeared to be
homogeneous.

DEAE-cellulose chromatography of Cornbreturn leonense

gum yielded two fractions whose uronic acid contents corresponded
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to those of the most widely differing of the single nodules that
were examined (146).

A small amount of a neutral polyeaocharide
The partial acid hydrolysis products of the

was also obtained.

two acidic fractions were examined by paper chromatography and
found to be similar.

The inethanolysis products of the methylated

fractions were also found to be similar when examined by gas-liquid
chromatography.

On ultracentrifugation, the fractions both

travelled as single peaks and they had the same sedimentation
coefficient.

There was thus strong evidence against any major

structural differences between the fractions and it was considered
likely that each contained the same linkages and structural units,
though in different proportions.

Two fractions were obtained

from A.seyal gum by DEAE-cellulose chromatography, one by gradient
elution with a phosphate buffer at pH 6 and the other by gradient
elution with sodium hydroxide solution (54).

The fractionation

was repeated using stepwise elution, the conditions of which were
arranged to give four fractions.

These fractions were found to

differ in their sugar ratios and their uronic acid contents, and,
in the hydrolysates of the sodium hydroxide fractions, there was
found a sugar that was chromatographically identical to xylose.
This sugar was not present in the original gum and was presumed
to have resulted from degradation of the DEAE-cellulose.

On

stepwise elution from DEAE-cellulose first with phosphate buffers
at pH 6 and then with sodium hydroxide solution, A.nhlotica gum
gave one main fraction and several minor ones (3).

Hydrolysis of

the sodium hydroxide fraction showed, in this case, absence of
the sugar corresponding to xylose.

Stepwise elution of A.pjcnafltha
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gum from a column of DEAE-cellulose using phosphate buffers gave
two fractions differing in their uronic acid contents (147).

Gum

arabic, A.mollissima 6um and several other polysaccharides have
been chromatographed on DEAE-cellulose at pH 4.1 (136).

It was

considered that at this pH the DEAE-cellulose would be completely
ionised and the oarbox1)

l

groups of the polysaccharides would be

partly, and perhaps selectively, discharged, thus enabling
fractionation to occur.
encouraging.

The results, however, were not markedly

The behaviour of '-irradiated Acacia gums on DEAE-

cellulose has been investigated (148).

It was found that

A.senegal, A.nubica and A.caznpylacantha gums, after s-irradiation
in acidic or neutral solution, each gave a fraction on gradient
elution with phosphate buffer at pH 6.

No further material was

eluted with sodium hydroxide solution.

The non-irradiated gums

each gave a fraction with sodium hydroxide solution as well as
with phosphate buffer. A.laeta gum behaved anomalously in that

n-irradiation did not alter its fractionation pattern to any
extent.
Only occasionally has there been reported the fractionation
of polysaccharides on ion-exchangers other than cellulose derivatives.

Dowex-1 ion-exchange resin has been used to fractionate

several polysaccharides of physiological interest (149).
Gel filtration is a useful chromatographic fractionation
technique that has been applied to proteins and polysaccharides
(148 9 150).

"Sephadex," a cross-linked dextran, and "Bio-Gel 2,"

a cross-linked copolymer of acrylamide and rnethylenebis-acrylamide,
have been successfully used as column materials for gel filtration.
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On elating

Fractionation occurs by a molecular-sieve process.

a protein or a polysaccharide through a column of the gel material,
only those molecules that are smaller than the pore size of the
gel particles can actually enter the particles.

Larger molecules,

by virtue of their size, are prevented fr3m entering the particles
and so pass straight through the column and are elated first.

A

molecular weight fractionation thus results, molecules of higher
molecular weight being elated first.

The gel materials can be

obtained with different degrees of cross-linking in order to
accommodate various molecular weight ranges.

Gel filtration is

also a valuable method for determining the molecular weights of
polisacoharides and proteins, and a critical review of the theoretical aspects of the method has been published (151).

"Sephadex"

gels contain a small proportion of negatively charged ionic groups
which, due to ion-exchange, may cause undesirable effects in gel
filtration (152).

In certain cases, however, this property may

be used to advantage (153).

An ion-exchange derivative of

"Sephadex," diethylaminoethyl (DEAE-) Sephadex, has been used to
fractionate some acidic mucopolysaccharides (154).

"Bio-Gel 2"

does not contain any ionic groups and, in addition, it provides
an opportunity of studying the gel filtration of polysaccharides
on a non-carbohydrate material.

The molecular weights of frac-

tions obtained from A.senegal gum have been determined by column
chromatography on "Bio-Gel P" using molar sodium chloride solution
as the eluant (98,155).

A method of gel filtration in conjunction

with thin-layer chromatography has been developed and used to
estimate the molecular weights of a number of proteins (156).

A few polysaccharides but no plant gums have been fractionated
by chromatography on columns of inert materials (157).
Some po1se.ocharides have been fractionated by paper
chromatography (116).

A method based on the dissociation of

Cetavlon-polysaccharide complexes by elution with a magnesium
chloride solution gradient has been developed for the paper
chromatography of polysaccharides (158).

Cetavion may also be

used to detect acidic polysaocharides on paper or in solution (159).
Plant gums are strongly adsorbed on cellulose and so paper chromatography is unsuitable for their fractionation.
Electrophoresis is a technique commonly used in polysaccharide
studies to assess homogeneity, but there is no evidence that it is
less fallible than any other method.
on a small or a large scale.

It is, however, applicable

On a small scale the Tiselius

apparatus or paper electrophoresis may be used, but for large scale
work an inert supporting medium is necessary (160).

Results depend

to a large extent on the choice of buffer solution and the particular conditions used (56).

When a paper support is used for

electrophoresis there is a chance of the polysacoharide under
examination being strongly adsorbed on the paper or bound to it
through a common ion such as borate, and so the electrophoretic
movement of the polyeaocharide could he restricted.

The use of

glass-fibre paper eliminates this risk and also enables corrosive
buffers and vigorous detection agents to be used (161).

A

number of plant gums have been subjected to glass-fibre paper
electrophOresia with 2N sodium hydroxide solution as the electrolyte
(12).

The movement of polysaccharides in these conditions
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appeared to be due to the ionisation of the alcoholic groups by
the alkaline electrolyte.

A.arabicum, A.pycnantha, A.senegal

and A.seyal gums were found to be heterogeneous, while A.deourrens
gum and mesquite gum appeared to be homogeneous.

Another study,

however, indicated that A.seyal gum was homogeneous (54).
Similar treatment of Virgilia oroboides gum showed that it contained 10 of a slower moving component (56).

Glass-fibre paper

electrophoresis of A.pyonantha gum in 2N hydrochloric acid gave
inconclusive results, since one sample appeared to be homogeneous
while another separated into a major and a minor component (163).
Tiselius electrophoresis of A.cyanphyl1a gum indicated that it
was homogeneous (29) but the method was not sensitive enough to
give complete resolution of a mixture of A.oyanophylla gum and a
commercial sample of gum arabic (164) or of a mixture of two
different plum guns (5,6).

Mixtures of plum gum and gum arabic

or plum gum and an araban could, however, be separated (5).

Khaya

grandifolia gum (165), Brachyohiton diversifollum gum (71) and
oholla gum (72) were all electrophoretically homogeneous.
Ultracentrifugation has been used to ascertain the molecular
weights and investigate the homogeneity of polysaccharides (166).
It is frequently used in conjunction with electrophoresis (137,115,
144,17) and, as in electrophoresis, the results are not infallible
and depend largely on the buffer that is used. Plant gums have
not been investigated to any extent by this method, though Khaya
grandifolia gum (165) and gum arabic (168) have been examined.
A molecular weight distribution was observed in each case, but
there was no evidence for the presence in the gums of more than
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one molecular species.
A few polysaccharides such as A.c'anop44l1a gum (164) and

a dextran (169) have been separated into different molecular
Cjfr.ht

fraction3 by ultrafiltration with membranes of controlled

pore size.

An extension of this method, electrokinetic ultra-

filtration in a collodion membrane, has been used to fractionate
polysaccharides and to estimate their degree of polydispersity
(170).
Immunological methods have found application in the fractionation of polysaccharides.

It was discovered that antipneumococcus

horse serum, of which a number of different tj.pes are available,
will form a specific precipitate with a polyaaccharide, providing
the polysaccharide has some structural similarity to the
pnewnococcus polysaccharide (171).

By this procedure, a commercial

sample of gum arabic has been separated into two fractions differing
in their rhamnose contents (172).

The fraction recovered from the

specific precipitate contained between one third and one fifth as
much rhamnose as the original gum.

The polysaccharide of

Cryptococcus neoforinan A was similarly fractionated (173).
fractions differed in their galactose contents.
methods have the disadvantage that, so far,
only on a small scale.

they

The

Immunochemical
are applicable

An analogous fractionation method is the

precipitation of polysaccharides of a particular molecular configuration by the protein Concanavalin-A (174), but this method
lacks the wider scope of immunochemical methods.
The selective alkaline degradation of the acidic poly-

saccharides of a mixture may, in certain cases, assist the
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subsequent process of fractionation.

For instance, it has been

suggested that a mixture of a 4-0-inethyl-glucuronoaraboxylan and
a galactoglucomannan could be degraded to the more easily separable
mixture of an araboxylan and the galactoglucomannan (175).

The

disadvantage of such a method is that only the neutral poly-

saccharides of the original mixture are recovered unchanged.

In

this context may be mentioned the elective destruction of unwanted
components of polysaccharide mixtures by specific enzymes (176).

Difficulty may arise in the subsequent removal of the enzymes.
In conclusion it must be emphasised that, as a criterion of
homogeneity, the result of a single fractionation method is
insufficient.

All applicable methods should be tried, and, if

the results are still indicative of homogeneity, the possible

presence in the material of fine structure differences and a
molecular weight distribution must be considered.
GENERAL METHODS FOR THE STRUCTURAL ANALYSIS OF OLANT GUM
POLl SAC CHAR IDES
Structural investigations of plant gum polysaccharides are
necessary to determine the identities and the ring structures of
the component sugars, the nature of the linkages between the sugars
and the sequence of the sugar units in the polysaccharide molecules.
As previously stated, it is not possible at present to postulate
an unequivocal structure for any polysaccharide, but it is

legitimate to propose an "average structure" that includes all the
known structural features.
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Identification of the Component Sugars
The component sugars of a polysaccharide are characterised
as crystalline derivatives after total acid hydrolysis of the
polysaccharide and separation of the liberated sugars by paper

or column chromatography.

c.uantitative estimation of the sugars

may be effected on a micro-scale by eluting the separated sugars
from paper chromatograms (177) and determining the quantities
present by a micro-analytical technique such as the Somogyl (178),
the ceric sulphate (179) or the phenol-sulphuric method (180).
The sugars in a hydrolysate may also be estimated by quantitative
gas-liquid chromatography (181).

Errors may arise from the

degradation of liberated monosaccharides during hydrolysis and
the incomplete breakdown of the more stable linkages in the

polysaccharide molecules.

In order to determine the absolute

amounts of the constituent sugars of a polysaccharide, a compensating basis for calculation is obtained by the addition of a
known amount of some sugar not present in the original
polysaccharide to act as a reference compound (177).
Partial Acid Hydrolysis
Partial acid hydrolysis is an effective technique for
investigating the sequence of sugar units in a polysaccharide and
the anomeric configurations of the glycosidic linkages.

This

information is obtained by identifying the neutral oligosaccharides
and the aldobiouronic acids obtained by hydrolysing a polysaccharide
successively with increasing concentrations of mineral acid.

The

liberated uono- and oligosacoharides are separated, after each
utae in the process, from the resulting degraded polysaccharide
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which is then further hydrolysed with more concentrated acid.

Acidic ion—exchange resins are sometimes used instead of mineral
acid (182).

An indication as to whether the labile units are

located on the periphery or in the interior of the polysaccharide
molecules may be given by a comparison of the molecular weights
of the degraded and undegraded. polysaccharide.
The effectiveness of partial acid hydrolysis depends on the
varying stabilities towards acid of the glycosidic linkages in
the polysaccharide.

The most labile units such as furanosides

are preferentially removed by very dilute acid (ca. 0.01N), or,
in the case of an acidic polysaccharide, merely by heatin€ the
polysaccharide in solution.

This latter process is termed

"autohydrolysis." Pyranosides are more stable to acid hydrolysis
than furanosides and are usually hydrolysed by O•1N acid.

The

most stable type of g1ycosidic linkage is that of an aldobiouronic

acid unit.

Such a linkage is hydrolysed only by iN or 2N acid,

and such treatment usually results in the general breakdown of
a polysaccharide.

The progress of hydrolysis may be followed

polarimetrioally, by piper chromatography or by iodometric
titration (183).

The hydrolysis conditions are chosen so as to give reasonable
yields of di.- and higher oligosaccharides at each stage.

The

yields may be improves by continuous dialysis of the reaction

mixture during hydrolysis (184).

This process also minimises

the formation of reversion products (v.1.) and prevents, to an
appreciable extent, the removal of acid sensitive substituent
groups attached to the polysaccharide cleavage fragments (185).
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The method may be applied during autohjdrold 8io, or alternatively
an enzyme (186) or a non-dialysable water-soluble acidic resin
(187) may be used as the hydrolytic agent.
Quantitative estimations of the products of partial acid
hydrolysis have little or no significance.

The amount of an

oligosaccharide produced depends not only on Its quantitative
significance as a structural unit of the polysaccharide molecule,
but also on the stability of its own internal linkages and of the
linkages incorporating it into the rest of the molecule.

In

addition to this, the process of hydrolysis is reversible (188)
and so small amounts of oligosaccharides not present in the
original molecules may be found in the hydrolysate.

Such

reversion products may be recognised since they are formed on
heating an acid solution of the component monosaccharIdes (189)
and they generally reach equilibrium concentrations (190), whereas
true hydrolysis products are destroyed on prolonged heating.
Artefacts may also arise from the acid catalysed traneglycosidation
of oliosaccharides (191).
The stability of the glycuronosyl linkage to acid hydrolysis
becomes a problem in the case of polysaccharides with a high
uronic acid content, since, under the conditions required to
hydrolyse such a polysaccharide, considerable degradation occurs.
Reduction of the acidic polysaccharide to the corresponding
neutral polysaccharide enables less drastic hydrolysis conditions
to be used, thus reducing the difficulty (192,193).
The nature of the most acid-labile linkages in a polysaccharide
cannot be determined by partial acid hydrolysis since such linkages

- 35 are the first to be hydrolysed.

..cetolysis may be used to over-

come this difficulty because the relative stabilities of glycosidic
linkages towards acetolysis differ from their stabilities towards
acid hydrolysis.

For instance, the isolation of 4-0-I.-rhamno-

pyranoayl-D-glucose (34) and O-L-rhamnopyranosyl-(l -? 4)-Q-r-Dgluoopyranosyl-(1 -6)-D-ga1actose (194) from the acetolysis
products of reduced A.senegal gum shows that some of the acid-labile
rhamnose residues are attached to position 4 of the glucuronic acid
residues.

Another method of solving the problem is to convert the

acid-labile furanoside linkages in the polysaccharide to acidresistant furanosiduronic acid linkages.

This may be achieved by

catalytic oxidation with oxygen in the presence of a platinum
catalyst (195).

The aldobiouronic acids produced by hydrolysis of

the oxidised polysaccharide are easily isolated, and identification
of these acids indicates the nature of the original glycosidic
linkage.
As an alternative to acid hydroljsis, enzymic hidro1ysis
(enzyrnolj sic) of polysaccharides may be used to obtain fragments
of structural significance, and, in contrast to acid hydrolysis,
this procedure has the advantage that specific rather than random
linkages are broken.

Homopolysaccharides such as starch and

glycogen (196) have been the subject of extensive enzymic studies,
whereas in structural studies of heteropo1ysaccharide the use of
enzymes has, so far, been limited.

A number of heteropoly-

saccharides have, however, been investigated, e.g. guar gum (197).
As with acid hydrolysis, care must be taken to ensure that
enzymolsis products are not artefacts produced by synthesis.
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Ultrasonic vibration has also been used to break down
polysaccharides to small fragments (198).
Chromatography is used to fractionate the hydrolysis products
of polysaccharides in quantities large enough to enable them to
be identified by chemical methods.

Separation of a hydrolysate

into mono-, di- and oligosacoharides maj be accomplished on
columns of charcoal or charcoal mixed with celite (2).

The sugar

mixture is adsorbed on the column and the monosaccharides are
desorbed by elution with water (199) or dilute alcohol

(leg).

Di- and higher oligosacoharides are eluted with increasing concentrations of alcohol.

The separation may also be effected on

charcoal columns by elution with solvents containing borate (200)
or molybdate (201).

Acidic mono- or oligosaccharides can be

separated from the neutral components of a mixture by chromatography
on a weak anion-exchange resin in the formats (202) or acetate (203)
form.

Elution with water removes the neutral components and the

acidic fraction is desorbed by elution with formic or acetic acid.
Mixtures of mono- or oligosacaharides may be resolved by chromatography on cellulose (204) or resin (205) columns or by thick-paper
chromatography.

Gas-liquid (206) or thin-layer (207) chromatography

may be employed for micro-scale separations.
An indication of the identity of an oligosaceharide can be
obtained from its specific rotation, its chromatographic mobilities
in various solvents, its lonophoretic behaviour and, if it is
obtained crystalline, its melting point.

The component sugars are

identified after hydrolysis or, in the case of an acidic oligosaocrtaride, after reduction followed by hydrolysis.

Linkage

_)

-

analysis of an oligosaccharide involves methylation, methanolysis,
hydrolysis and then characterisation of the methylated sugars thus
formed.

If only available in small quantities, the methanolysis

products may be identified by gas-liquid chromatography (186,208).
The reducing end-group of an oligosaccharide may be identified by
reducing it to a glycitol, hydrolysing the glycitol, and examining
the products.

Reduction with sodium borohydride may also be used,

in conjunction with reducing power measurements, to determine the
degree of polymerisation of an oligosaccharide (209).

Periodate

(210) or lead tetraacetate (211) oxidation can give useful
information about oligosaccharide structures.

The anomeric

configuration of the glycosidic linkage of a disaccharide is best
determined by synthesis of the disaccharide in such a way that the
linkage cofiguratiort is known (212).

Alternatively, the configura-

tion may be predicted from the optical rotation of the disaccharide
(213).
Methylation Studies
The classical method of investigating polysaccharide structure
is methylation. (?14) followed by hydrolysis and identification of

the hydroi:is

roducts.

This utilises the fact that all the

hydroxyl groups not involved in the glycosidic linkages in a

polysaccharide molecule may be etherified.

Since it is chemically

stable, the methoxyl group is the one generally introduced on

etherification, and, due to its relatively small bulk, steric
hindrance effects are minimised.

When the resulting fully

methylated polysaccharide is hydrolysed, the partially methylated.
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sugars that are released carry free hydroxyl groups only on the
carbon atoms that were involved in the glycosidic linkages of the
Identification of these partially methylated

polysaccharide.

sugars reveals the composition of the polysaccharide, the carbon

atoms of the sugars involved in the linkages, the ring structures
of

the sugars that formed branch points in the poly-

lk-ohL3

the non-reducing terthinal sugar units and the number
of sugar residues per average building unit.

For a homopoly-

aaccharide it is possible to deduce a fairly significant average

structure from methylation results alone.

For a heteropolysacoharide

however, the order in which the different sugar units are linked must
also be known, so methylation studies are considered in conjunction
with the results of partial hydrolysis and periodate oxidation.

Methylation studies of beteropolysaccharides are frequently carried
out on the acid-degraded polysaccharide as well as the undegraded
polysaccharide.

Stepwise degradation of methylated polysaccharides

is or'ietimes employed to obtain fragments of structural significance,
for instance the hexarnethyl ether of 6_0--D-glucuronosyl-Dgalactose has been isolated from methylated degraded arabic acid
(215).
The standard method of methylation is that developed by
Haworth (216).

The reagents used are dimethyl sulphate and 30%

sodium hydroxide solution.

The method may be applied to an

unsubstituted polysaccharide or to its acetate.

Oomplete

methylation, especially in the case of acidic polysaccharides, is
rarely achieved by this method.

Dlethjlation may be completed by

.urdie's method (217) using methyl iodide and silver oxide or by

* 39 one of the methods developed b

Kuhn et al. using:-

Methyl iodide and silver oxide in dimethyl formamide (218),
Methyl iodide and barium oxide in dimethyl Lormamide (219),
Methyl iodide and a mixture of either barium oxide and
barium hydroxide or strontium oxide and strontium hydroxide

in dimethyl formarnide (220),
Either methyl iodide and bariui oxide or dimethyl sulphate
and barium hydroxide in dimethyl suiphoxide (221).
Methylation using barium oxide and methyl iodide in dimethyl
suiphoxide has also been reported by Shrivastava et al. (222).

Less commonly employed methods of methylation make use of
methyl iodide and sodium in liquid ammonia (223,224), dimethyl
sulphate and solid sodium hydroxide in tetrahydrofuran (90),
thallium hydroxide and methyl iodide (225) and diazomethane (226).
Complete methylation of a polysaccharide is indicated by the

absence of a hydroxyl peak in its infra-red spectrum (227).

The

methoxyl content may be quantitatively determined by the traditional
Zeisel method using a titrimetric finish (228), or by a modified
Zeisel method involving either quantitative infra-red spectroscopy
(229) or ga3-liquid chromatography (230).

Such modifications

eliminate errors due to solvent retention (231) since the methyl
iodide produced during the reaction is estimated specifically
despite the presence of other alkyl iodides.
Fully methylated polysaccharides may not be directly
hydrolysed since they are usually insoluble in aqueous mineral
acid.

This difficulty is overcome by preliminary rnethanolysis

(232) or forrnolysis (233) followed by aqueous acid hydrolysis of
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the methyl g1cosides of the partially methylated sugars thus
produced. Methylated polysaccharides may also be hydrolysed by

dilute mineral acid in the presence of a solvent such as methanol,
ethanol or glacial acetic acid (234), or by cold, concentrated
hydrochloric acid (235).

Oxalic acid in aqueous alcoholic

solution may be used to hydrolyse the methyl derivatives of poly-

saccharides such as inulin that are composed of labile sugar
residues (236).
The hydrolysis products of methylated polysaccharides may be

separated as the methyl sugar methyl glycosides by fractional
distillation in vacuo, but this technique has been largely
su.&erseded by chromatographic methods.

Ion-exchange chromato-

graphy may be used to separate acidic methylated sugars from

neutral ones (91) and further separation may be achieved using
charcoal (237) or cellulose columns or by thick-paper chromatography.

An interesting extension of the usual chromatographic techniques
involves methylation of a polysaccharide using

iodide (238).

labelled methyl

The hydrolysis products may be detected and

estimated by taking radio-autographs during chromatography.

Gas-

liquid partition chromatography provides a rapid and highly
selective diagnostic technique for the analysis of the cleavage
products of methylated oligo- and polysaccharides (106,206,221,239).
The retention times of many methyl glycosides have been published
(208).

It is necessary to ensure that the carbohydrate derivatives

used are stable under the conditions applied in gas-liquid
chromatography since reactions are known to occur in certain cases

(240).

After separation, the methylated sugars are generally
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characterised as cryta11ine derivatives, but, with the increasing

efficiency of chromatographic techniques, it is probable that this
procedure will eventually become unnecessary.

In a recent paper

(241), the identification of the components of a methylated

polysaccharide is based solely on gas-liquid and paper
chromatographic evidence.
Periodate Oxidation
Periodate oxidation is an important procedure in the structural

analysis of poiysaecharideb.

The method is based on the fact that

,-1ycols are quantitatively cleaved by periodic acid to give
two aldehyde groups (242):Ri.CHOH.CHOH.R2 + 104-9R1.CHO + R2•CH0 + 1120 + 103
Cis-glycols are attacked more rapidly than trans-glycols.

When

three or more -OuCH- groups are present in adjacent poitiofl,

periodate oxidation leads to the production of formic acid as well
as the aldehyde groups:R1.CHOH.CHOH.CHOH.H2 + 2104—+R1.CHO + R 2 .CHO + H.000H + 1120
+ 210;
Reaction with periodate 4pparentlS occurs via an intermediate
complex in which the two hydroxyl groups are held in the cis

position (210).

Compounds in which the hydroxyl groups are rigidly

held in the trans position do not react with periodate (243).
dialdehyde formed on cleavage of a carbohydrate C-C bond appears
to have a ring structure (244) but behaves as a dialdehyde in
certain reactions.

The
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.eriodate oxidation 18 usually conducted in aqueous solution
at room teiierature in the dark.

The reaction is influenced by

temperature, pH, concentration of the reactants and exposure to

light.

The conditions must be carefully regulated to avoid

"over-oxidation" (245).
Structural features of a polysaccharide may be deduced from
measurements of the consumption of reactants and from quantitative
determination of the periodate oxidation products.
erminal sugar residues and 1,6-linked hexopyranose units are
the only comiionents of a polsaccharide that may possess three
adjacent -CHOH- groups, and so determination of the amount of formic
acid released on periodate oxidation affords a measure of the
frequency with which such a structural unit occurs, and, for
certain polysaccharides, the degree of branching may be assessed.
In a 1,3-linked polysaccharide such as laminarin, only the non-

aldehydic end-groups react with periodate, and they may be
quantitatively estimated by determination of the carboxyl content

of the polysaccharide after bromine oxidation of the dialdehyde
produced by periodate oxidation (246).
The amount of formic acid arising, on periodate oxidation,
from the terminal residues of a polysaccharide may be estimated and
used to determine the molecular weight of the polysaccharide,
providing that the degree of branching is known and that the

terminal units only give rise to formic acid.

An alternative

method is to reduce the polysaccharide with sodium borohydride and

determine its ro1ecu1ar weight from the amount of formaldehyde
released from the reduced end of the molecule on periodate
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oxidation (2).
One molecule of oxidant is consumed for each ct,-glycol
group cleaved, so, by estimating the amount of periodate reduced,
it is possible to distinguish between certain alternative polysaccharide structures.

For instance, if a linear polysaccharide

consists of 1,4- and 1,6-linked hexopyranose units, the proportion
of each type of linkage can be calculated from the periodate
consumption, since a 1,4-linked residue consumes one molecule
of periodate and a 1,6-linked residue consumes two such molecules
(247).

Periodate consumption may be determined by standard

arsenite solution (248) or by a spectrophotometric method (249).
The proportion of sugar units vulnerable to periodate oxidation
in a polysaccharide may be measured by determination of the
nitrogen and sulphur contents of the polymer obtained by condensation of the periodate oxidized polysaccharide with isonicotinhydrazide (250).

In a polysaccharide any sugar residues that do not

contain adjacent -CHOH- groups are not susceptible to periodate
oxidation.

These residues may be characterised and their

relative proportions estimated after hydrolysis of the polyalcohol
obtained by reduction of the polyaldehyde (251).

The polyaldehyde

is reduced in order to eliminate interference arising from its
hydrolysis products.

An extension of this method is the selective

removal of fragments of cleaved residues from a periodate oxidized
polysaccharide, thus rendering the unoxidized residues liable to
attack by periodate.

In the Barry degradation (252), the fragments

are removed as phenylosazones after treatment of the polyaldehyde
with phenyihydrazine.

Hydroxylarnine may similarly be used (253).
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Gum arabic (251) and A.pycnantha gum (163), when subjected to
this procedure, were each found to have an inner core of 1,3linked galactose units.

An analogous procedure, the Smith

degradation (254), depends on the mild acid hydrolysis of the
polyalcohol obtained on borohydride or Raney nickel reduction of
the periodate oxidized polysaccharide.

The hydrolysis conditions,

usually dilute acid at room temperature, are so arranged that only
the hemi-acetal linkages are broken, the glycosidic bonds being
unaffected.

The polysaccharide remaining after this degradation

mai be subjected to further periodate oxidation or else to partial
acid, hydrolysis or methylation studies.

A 1,3-linked galactan

was obtained by the Smith degradation of degraded gum arabic (255),
confirming the results of the Barry degradation of arabic acid
(251).
Difficulty arises in applying the Smith degradation to acidic
polysaccharides since the oxidized fragments containing uronic
acids are less readily cleaved by dilute acid than are the other
herni-acetal systems.

This is avoided by reducing the uronic acid

residues before periodate oxidation.

Diborane reduction of the

fully acetlated polysaccharide may be used (193), but, as side
effects are known to occur during diborane reduction, the results
must be considered with caution.
Other Methods
Some information about the structures of polysaccharides may
be obtained by infra-red spectroscopy, X-ray crystallography,
alkaline degradation and inimunochemical methods.
Infra-red spectroscopy provides information regarding the
identity of a polysaccharide and the anorneric configurations of
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its glycosidic linkages (256).

Substituent groups of a poly-

saccharide such as oarboxyl or amino groups may be identified and
their ratios estimated by infra-red spectroscopy (257).
X-ray studies of polysaccharides are limited by the complexity
of the molecules and by the fact that, with very few exceptions
(78), polysaccharides do not form crystals.

Information about

the configurations of the sugar rings and the arrangement of the
polymer chains in some polysaccharides has been obtained by X-ray
diffraction (258).
Alkaline degradation (40) has not been applied to any extent
in polysaccharide structural studies, but the ability of alkali to
degrade acidic polysaccharides to simpler neutral polysaccharides
(175) appears worthy of more extensive application.
Reference has already been made to immunochemical studies of
poljsacoharides (Page 30).

Such methods may be used to investigate

the occurrence of certain specific structural features in polysaccharides (171,173).
MOLECULAR STRUCTURES OF ACACIA GUM
To date, structural studies have been carried out on nine
different species of Acacia gum.

These are A.senegal (gum arabic)

(33,34,83,98,194,215,255,259-265)

A.pycnantha (28,163), A.mollissiffta

(37,147), A.cyanophylla (29), A.karroo (30), A.catechu (266,267),
Preliminary
A.sundra (31,32), A.seyal (54) and A.nilotiCa (3).

analytical studies have been carried out on the gums from a further
seven species of Acacia of botanical authenticity (3).

Prior to

the present work, methylation studies had been carried out on the
gums from A.senegal, A.jycnantha t A.mollissima,.A.SeYal and
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A. nilotica, and on the degraded gums from A.catechu and A.sundra.
All the Acacia gums so far investigated were found to contain
D-gluotironic acid, D-galactose, L-arabinose,and L-rhaninose in
varying proportions (Table 1).

The rhamnose contents of some

species of Acacia gum are too low to be estimated by paper
chromatographic methods, but, to overcome this difficulty, a method
of estimation based on periodate oxidation in conjunction with
quantitative infra-red spectroscopy was developed (268).

The

presence of fucose and xylose in the gum of A.sieberiana has been
reported (29), but the evidence is not conclusive.

There is

also chromatographic evidence of trace quantities of xylose in
A.sundra gum (32) and of two trace components, one of which may be
ribose, in A.soyal gum (54).

The widespread occurrence of

rnethoxyl groups in Acacia gums has been noted (75) and the structural
significance of these groups is indicated by the isolation from the
gums of A.rnolliesima and A.nilotica (147) of aldobiouronic acids containing 4-0-methyl-D-glucuronio acid.

The presence of 4-0-methyl-D-

glucuronic acid in other Acacia gums was suspected, and, in the case
of the gums from A.senegal and A.seyal, was confirmed by re-exmination of the acidic fractions obtained from the partial acid
hydrolysates of these gums (270).
Autohydrolysia of Acacia gums generally yields a mixture of
reducing sugars (mainly L-arabinose with lesser amounts of Lrhainnose) and one or more neutral disaccharides.

In addition, an

aldobiouronic acid is produced on autohydrolysis of A.cyanophylla
gum (29), indicating that the uronic acid units in this gum are not
entirely confined to the acid resistant parts of the gum molecules.
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The same aldobiouronic acid, 6_0-D-g1ucuronosyl-D-ga1actose,
has been found in all the Acacia sums so far examined.

A.karroo

gum (30) also contains 4-0-ct-D-glucuronosyl-D-galaotose, while
A.nilotioa gum (3) contains three other aldobiouronic acids, namely
6_0__(4_0_methyl_D_glucuronosyl)-D-galactose, 4-0-a-D-glucuronosylD-galactose and 4_0.cL_(4_0_rnethyl_D_glucuronosyl)_D_galaCtOSe.
A recent study (270) indicates that Acacia gums with negative
specific rotations contain two aldobiouronic acids, 6-0-3-Dglucuronosl-D-galactose and 6_0__(4_0rnethy1-D-g1ucuronosyl)-Dgalac-tose, whereas, in addition to these acids, Acacia gums with
positive specific rotations also contain 4-0--D-glucuronoeyl-Dgalactose and 4_0-c_(4_0_methyl_D_glucuronosyl)_D_galaOtOSe.
The degraded guii produced on autohydrolysis of an Acacia gum
contains D-gluouronic acid, 4_0methyl_D_glucuronio acid, and
D-galactose, and may also contain traces of arabinose and rhamnose.
The arabinose in degraded A.senegal is not present in the form of
reducing end groups, thus indicating that, in the undegraded gum
internal arabinose residues do not comprise the labile links
between the polysaccharide entities that are released on autohydrolysis (98).

Methylation studies of degraded and undegraded

Acacia gums show that the D-galactose units, if not present as
non-reducing terminal residues, are linked through the 1,3- and/or
the 1,6-positions.

The Smith and Barry degradation procedures

indicate that gum arabic (251,255) and A.pycnantha gum (163) both
contain main chains of 1,3-linked galactose units with side-chains
attached at the 6-positions.

However, a recent study of

A.senegal gum in which seven successive Smith degradations were

carried out indicates that the inner galactan framework of the
gum is branched, and may not necessarily contain a true main
chain or "backbone" (265).
The results of total and partial acid hydrolysis and
rnethylation studies of Acacia gums are summarised in Tables 1 - 3.
On the basis of these results and with the additional information
provided by periodate oxidation and other methods of structural
analysis, the possible average structures of Acacia gums may be
postulated.

For example, figure 1 shows a possible structure of

Acacia senegal gtim (265).
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Figure 1. Possible structural fragment of A. senegal gum (265).
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Table 1.

Molar proportions oe sugar resid.ues in Acacia gums.

Species

D-galactose L-arabinose L-rliamnose D-glucuronic acA Reference

3

3

1

1

262,263

40

20

1

6

28

A. mollissima

5

6

1

1

37

A. cynophylla

U

2

5

5

29

A. k-'rroo

28

24.

1

6

30

A. caiechu

9

4.

3

3

266,267

A. sun&ta

4.1

27

14.

18

A.seyaJ.

10

12

1

3

54.

A. nilotica

57

72

-

U

3

A. senegal
A. pycnantha

31,32
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Table 2.
Disaccharides and aldobiouronic acids isolated. from Acacia gum hydrolysates.
pecies

Autohyd.rolysis
Products

A. senegal

Acid. Hydrolysis Products:Neutral
Acidic
Gal

260 - 262

Gal

28,163

GA 1i6 Ga].
4.-0-Me-GP1,

37,14.7

Gal
Ara Gal 1
Gal GA 1
l,3
Gal
Gal
3 Ara GalGal GA 1 13
Araf J_ 3

A. pycnantha
A. mol1issm

Arap 1
Ara
Gal ' Gal
i,6 Gal
Gal
o(

Reference

Gal

A. cyanophylla Gal 1 4 Ara
GA
Gal
A. karroo
Amp l,3 Ara
loc3
Gal
) Ara

Gal

29

GA 1
Gal
GA 1 °( Gal

30

A. catechu

GA

A. sundra

GA 1 ,3 Gal

31,32
514.

GA

3

1 13

Gal

A. seyal

Arap 1 ' Ara Gal 1 '
Gal
1
6
Gal
) Gal
1Ix
3
Gal
Ara

GA 1 i3 Gal

A. nilotica

Arap;)Ara Gal

C-k

Gal 1 /•

Gal
Gal

o Gal
4.-0-Me-G.A
o Gal
f(
GA 1
Gal
1 o( Gal
4,-0-Me-GA

GA = D-glucopyranosyluronio acid.
4-0-Me-GA = 4..-0--inethyl-g].uoopyranosyluronio acid.
Gal = D-galactopyranose
Araf = L-arabofuranose
Arap = L-arabopyranose

266
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Table 3.
Hydrolysis proaucts of methylated. Acacia gums.

Species

0-Me-GA

0-1- Se-C-al

0-Me-Ara 0-Me-Rha Péference

A. senegal

2,4-Di2,3,4-Tn- 11.7, 263
2,5-Di2,3-Di2,3,4-Tn- 2,3,4-TrL- 20,4-Tn2,4.,6-Tni-2,3,5-Tn-2,3,4,6-Tetra-

A. senogal
(degraded.

2,3,4_Tni

2,4-Di2,3, 4-Tn2, 3,4.,6-Tetra-

A. pycnantha

Hexainethyl
ether of
Gal
GA

2,3,4-Tni- 163
2,5-Di2-Mono2,4.-Di20,5-Tn2,6-Di2,3,4-Tn.2,4.26-Tni2,3,4.,6-Tetra-

A. pycnantha
(degraded

Hexzaethyl
ether of

A. seyal

2,3,4-Tri-

2-Mono--(Trace)
3-Mono- (Trace)
2,4-Di2,3,4.-Tn(Trace)
2,L,6-Tri2,3,4,6-Tetra-

A. seyal
(d.egraa.ea.

2,3,4.-Tn-

2,4.-Di20,4.-Tn2,4.,6-Tni2, 3,4,6-Tetra(Trace)

A. nilotica

2,3,4-.Prj-

2,4.-Di2,3,4.-Tn2,4,6-Tn20,4,6-Totra-

1)

163

2-11ono2,4--Di2,6-DiGal 2,4,6-Tn2,3,4.,6-Tetra2,3-Di2,3,4--Tn2,5-Di2,3,4-Tn...
2,3,5-Tr-

514.

54

2,3-Di2,5-Di-2,3,4.-Tn2,3,5-Tn-

Continued on

following page:-

3

-53Table 3 (Continued).

Species

0-Me-GA

0-Me-Gal

0-Me-Ara 0-Me-Rha Reference

A. niiol;ica
(degraded

20,4Tri-

2,4.-Di2,5-Di2,3,4.-Tn2,3,4.-Tn2,4-,6-Tri2,3,5-Tn2,3,4,6-Tetra-

A. mollissima

2,3-Di2,3,4.-Tn-

2,4.-Di2,34.-Tri2,426-Tn2,3,4,6-Totra-

A. sunftra
(degraded

2,3,4.-Tn-

2,4-1)12,3,4-Tn2,4,6-Tn-

32

A. catechu
(degraded

2,3,4-Tn-

4,6-1)12,3,4-Tn2,314,6-Tetra-

267

3

2,3-Di2,3,4-Tn- 14-7
2,5-1)12,3,4-Tn2,3,5-Tn-

Kev

0-Me-C-A = 0-methyl-D-glucuronio acid.
0-Me-Gal = 0-methyl-D-galactose
0-Me-Ana 0-meyl-L-.arabinose
0-Me-Rha = 0-methyl-L-rhamnose
Gal = 6-0..,8-D-gluouronosyl-D-galaotose
C-A
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EXPERIMENTAL SECTION
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O3JECTL OF THE PRESENT INVESTIGATION

The objects of the present investigation were:To carry out a comparative analytical study on eighteen
samples of A.laeta gum, twelve of these being bulk samples
from a number of different trees and the other six being sirle
nodules of gum from the same tree;
To apply various fractionation methods to a number of
Acacia gums of difierent species in order to establish
whether or not such gums are heterogeneous;
To investigate the structure of a typical sample of A.laeta
gum.
The gum from A.laeta R. Br. ex 'Benth. was chosen for detailed
investigation since it is produced by trees that are hybrids of
A.senegal (L.) Wilid. and A.mellifera (Vahi.) Benth.

These

hybrid trees occur in two forms, A.laeta var. hashab (which
resembles A.senegal) and A.laeta var. mellifera (which resembles
A.mellifera).

The A.laeta gum samples available were all of the

hashab variety and hence it was of interest to compare the
properties and structure of a typical sample with those of

A.seriegal guru to determine whether the two gurus had any features
in common.

It is to be hoped that similar comparison of A.laeta

var. mellilera guru and A.mellifera gum will eventually be made.
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GENERAL EXPEIiIMENTAL METHODS

vaporations were carried out under reduced pressure below 400•
Moisture contents were determined by heating to constant
weight at 1050 .
Ash contents were determined by heating to constant weight
in a muffle furnace at 55Q0•
Insoluble material contents were determined by dissolving
weighed amounts of gum in water and filtering the solutions through
weighed, sintered glass crucibles.

The crucibles and contents

were dried to constant weight at i05°, weighed, and the percentage
contents of dry, insoluble material were calculated.
Nitrogen contents were determined by a semi-micro Kjeldahl
method using a catalyst consisting of potassium sulphate, copper
sulphate and selenium metal in the ratio 100:2:15.
Uronic anhdride contents were calculated from equivalent
weights.

This method was adopted after preliminary determinations

established that the results were in good agreement with those
obtained by a vapour-phase infra-red spectroscopic method (229).
Methoxyl contents were determined by a vapour-phase infra.-red
spectroscopic method (229).

Freeze-dried samples of gums were

compressed to small tablets to facilitate their weighing and
transfer.
Specific rotations were measured in aqueous solution (unless
otherwise stated) using the sodium D-line as light source.

The

temperature was maintained at 18+20.
Equivalent weights were determined either by direct titration
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of l gum solutions with 0'01N sodium hydroxide solution to a
henol,htkialein end-point or by plotting a graph of the pH of
the solution against the amount of sodium hydroxide solution added.
In both methods a stream of carbon-dioxide -free nitrogen was
bubbled through the solutions.
Reducing powers were determined by the aerie sulphate method
(179) using freshly preared gum solutions of 1 concentration (w/v).
The total free reducing sugars were calculated us L-arabinose.
Paper chromtograhy on Ohatman No.1 paper was used for

qualitative and small-scale quuntitutive separations.

Whatmnan

No.4 p.per was used when speedy qualitative results were reuired.
Descending development was employed throughout.

The following

solvent systems were used (v/v, upper layer in the case of twophase systems):A. 3utan-1-ol : benzene : Viridiae : water (5:1:3:3)
Ethyl acetate : acetic acid : formic acid : water (18:3:1:4)
Ethyl acetate : jyridine : water (10:4:3)
Butan-1-ol : ethanol : water (4:1:5)
But-2-one : acetic acid : water (9:1:1,

t

ted

ith boric
old)

But-2-one : water : aionia of deriity 088 (200:17:1)
ttiy1 acetate : acetic acid : water
Proan-1-o1 : water (4:1)
Light petroleum of b.. 100-1?0 : butan-1-ol (7:3, uturated
with water)
Propun-1-ol, half-saturated with water.
<. But-2-one, half -saturated with water.

- 58 The following methods were used to detect sugars on paper
chromatograms:hrornatograms:-

.

1

The chromatogram was sprayed with a saturated solution

of aniline oxalate in 2:1 ethanol: water (v/i,) and heated at 1500
The position of each sugar was indicated

for about five minutes.

by a spot of characteristic colour.
The chrorna-togram was dipped succesive1 in baths of:A l solution of silver nitrate in acetone,
0'5N sodium hydroxide in ethanol,
(a) A l solution of sodium thiosuiphate in 50 aqueous
ethanol.
The chromatogram was finally washed in running water, the sugars
appearing as black spots.
Whenever possible, sugars were compared with standards run
on the same chromatograms.
The RGa1, RRha, and RG values for a sugar are the distances
moved by the sugar relative to the distances moved in the same
solvent by D-galactose, L-rhamnoee and ?,3,4,6-tetra-0-methyl-Dglucose respectively.

These values were obtained using Whatrnan

No.1 paper.
Preparative separation of sugars was carried out on Ythatman
3MM paper or (for small quantities) on Whatman No.1 paper.

After development in a suitable solvent, the separated sugars
were eluted by cutting the appropriate portions of the paper into
small pieces and stirring these in several changes of cold water.
Neutral sugar ratios were determined by hydrolysing 50 mg.
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portions of the polysaccharide samples with 2N sulphuric acid in
sealed tubes at 1000 for eight hours.

After neutralisation with

barium hydroxide and barium carbonate, the solutions were centrifuged, deionised with Ii-120 resin and evaporated to small volume.

About 0•025 ml. of each solution was applied to 'Nhatman No.1 paper
and developed in solvent A.

The separated sugars were eluted

from the chromatograms and determined by the phenol-sulphuric

method (180).

Reference solutions were prepared by eluting blank

strips cut from the same chromatograms.

A reference sugar (177)

was not used since the ratios of the sugars were required and not
their absolute amounts.
Viscosity determinations were carried out in suspended-level
dilution viscometers at 25+0.01°.
+0.01 seconds.

Flow-times were measured to

In order to eliminate the polyelectrolyte effect,

molar sodium chloride solution was used as the solvent.

The

results were expressed in terms of the liiitin flow-time number,
urn.

T- T 0
cT0

where T is the flow-time in seconds of a solution of concentration
c (g./ml.) and T. is the flow-time in seconds of the solvent.
Cellulose columns were prepared from a slurry of cellulose
in acetone or by dry-packing with cellulose powder.

Before use,

the columns were washed with water and then with the appropriate
solvent.

Mixtures to be separated were dissolved in the minimum

volume of water or other suitable solvent and adsorbed on to the
top of the columns.

Fractions were collected bi an automatic

turntable.
Gas-liquid partition chromatograpy (g.l.c) was carried out
using a chromatograph (Model S3A, Gas Chromatography, Ltd.) fitted

Nitrogen was used as the carrier

with flame-ionisation detectors.

gas with a flow-rate of ca.100 m1./;inute.

The columns used were:-

150/f by weight of ethylene glycol adipate polyester on
Celite (75 x 0.5 cm.) at 1600 .
15% by weight of butan-1.4-diol succinate polyester on Celite (120 x 0.5 cm.) at 1750 .
Retention times (T) are given relative to 2,3,4,6-tetra-0-methyl-I3D-glucopyranoside as standard.
Reduction with potassium borohdride was carried out by
dissolving the disaccharide (20 mg.) in 5 ml. of water and slowly
adding a solution of 100 mg. of potassium borohydride in 5 ml. of
water.

The resulting solution, after standing at room temperature

for twelve hours, was deionised

by

treatment with IR-120 resin

followed bd several evaporations with methanol.
Phenylosazones of mono- or disaccharides were prepared by

heating 10 mg. samples in 0•25 ml. of water for thirty minutes at
100 0 with phenylhydrazine (0.01 ml.), glacial acetic acid (0.01 ml.)
After cooling,
and a drop of saturated sodium bisuiphite solution.
the addition of 1'5 ml. of water precipitated the phenylhydrazone

which was recrystallised from water.
Le thy late d oligosaceharides were prepared by the method of
Kuhn et al. (218) using the procedure given by Perila and Bishop
(186).
Methanolsis of methylated oligosaceharides was carried out
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by heating in dry 5 methanolic hydrogen chloride at 1000 in a
sealed tube for six to twelve hours.

The solutions were

neutralised with silver carbonate, centrifuged and evaporated
to dryness.
Hydrolysis of methdl gicoeidee was carried out in sealed
tubes with IN hydrochloric acid at 1000 for six to eight hours.

The solutions were neutralised with silver carbonate, centrifuged
and evaporated to dryness.
.Aniline derivatives of methylated sugars were jrepared by
ref1uing the methylated sugar for thirty minutes in darkness
with an ethno1eoular quantity of freshly distilled aniline in
dry ethanol.

Evaporation of the solvent gave the aniline

derivative which was then recrystullised.
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COM2AATITh ANALYTICAL STUDY OF A. LAETA GUM SAMPLES

QIJGIN OF TH SAMPLES
Samples of A.laeta var. hashab gum from botanically authenticated trees in the El Ain Forest Reserve (twenty miles S.E. of
El Obeid) were collected and despatched individually in sealed tine
by the Gum Research Officer, Department of Forests, Republic of the
Sudan.

The samples were all in the form of light brown, irieji1arly

shaped nodules and were exuded from the trees as a result of tapping.
Trees A124, 3285, 0251 and D133 were tapped within the period 6-15th.

November, 1960; trees 84 and 90 were tapped on the 13th. November,
1962.

Details of the samples studied are given in the fol1ing table:-

le Designation* Tree Picking No.of da'a between tapping & collection
1

3525(d)

A124

let

40

2

SS25(c)

B285

let

40

3

6625(b)

0251

let

40

4

SS25(a)

D133

let

40

5

S630

D133

3rd (Feb.1961)

6

S531

0251

3rd (Feb.1961)

-

7

SS53(a)

84

let

40

8

3553(b)

84

2nd

56

9

5653(c)

84

3rd

71

10

3654(a)

90

let

40

11

5354(b)

90

2nd

56

12

S54(c)

90

3rd

71

* 33 = Sudanese Sample
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Also studied were nine single nodules of Sample 1.

These

were examined individually and designated Nodules Ni - N9.
PURIFICATION OF SAMPLES
A 10 g, portion of each crude gum sample was ground to a
coarse powder and dissolved in 300 nil, of water.

The insoluble

residue was removed by filtration and the solution was dialysed
against water for forty eight hours.

Purification was completed

Grease-free, three-compartment, perspex

by electrodialysis.

electrodialysis cells with platinum electrodes were used, the
sections of the cells being bolted together.

The compartments

were separated by membranes made from dialysis-tubing and sealed
in place with polythene gaskets.

The solution to be electro-

dialysed was placed in the centre compartment of the cell and
stirred continuously.

Cooling coils in the electrode compartments

prevented any rise in temperature.

The water in the electrode

compartments was changed when the current through the cell
exceeded 0'3 amp.
current flowed.

Electrodialysis was continued until a negligible
In the first series of purifications, the solu-

tions were then reduced in volume and freeze-dried.

It was found

that on storage over a period of months, freeze-dried samples
slowly became insoluble, this effect being more marked if the
samples were freeze-dried from fairly concentrated solutions.

In

subsequent purifications, therefore, the electrodialysed solutions
were not reduced in volume before being freeze-dried.

It was also

found that solutions whose concentrations exeeeded about 5 (w/v),
if allowed to stand for several days, were liable to change into
insoluble mucilaginous gels.
been observed before (1).

This property of A.laeta gum has
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FREE MONOSACCIIARIDES IN A. LAETA GUM
During the urification procedure, the gum samples were
dialysed for twenty four hours against four litres of distilled
water, and then for a further twenty four hours against running
tap water.

The distilled water dialysate was evaporated to small

volume and examined chromatographically in solvents A and B.
Components with the mobilities of D-giucuronic acid, D-galactose,
L-arabinose and L-rhaninose were observed.
ANALYSIS OF SAMPLES
The samples were analysed to determine:Moisture content and insoluble material content of crude
samples and nodules (Table 4).
The moisture, ash and nitrogen content of purified samples
and nodules (Table

5).

The uronic anhydride and iuethoxyl content of purified samples
and nodules (Table 6).
The specific rotation of crude and purified samples and
nodules (Table 7)
The pH of 1% solution, equivalent weight and reducing power
of purified samples and nodules (Table 8).
The molar ratios of neutral sugars in the purified samples
and nodules (Table 9).
The limiting flow-time number of crude samples and nodules
(Table 10 and Figure 2).

Purified samples or nodules were

not used for viscosity determinations since the loss of
solubility that occurred on storage of such samples or
nodules precluded a reliable comparison of the results.
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Table 4
Moisture content and insoluble material content of A.laeta gum
samples and nodules.

Sample

Moisture,

Insoluble Material,

1

14.9

0.84

2

15.3

0.55

3

15.3

0.58

4

15.2

1.05

5

14.5

2.05

6

14.2

1.65

7

13.2

1.37

8

14.8

1.10

9

15.0

1.45

10

15.0

1.09

11

14.7

2.01

12

14.6

0.51

N7

15.6

1.40

N8

15.6

0.79

N9

15.5

0.53

Nodule

* Corrected for moisture content.

Table 5
The moisture, ash and nitrogen content of purified A.laeta gum
samples and nodules.
Nitrogen, %**

Ash, %

Sample

Moisture, %

1

6.4, 6.5

0.18 9

035

0.56,

2

1.99

20

0.57,

0.46

061, 0•60

3

84, 8.4

0•37,

036

0•73,

0.74

4

4.7,

4.5

0.06,

0•02

0•59,

0.60

5

4.9,

5.0

0•03,

0.14

077, 0.78

6

2.8 9

3•0

0•24,

0.24

0.78,

0•79

7

8.6,

8•4

019, 0•19

0.65 9

0•64

8

2•39

2.1

0•16,

0•20

0.79,

0•78

9

4.99

4•9

0•26,

0.26

0•94,

0'94

10

2•1,

2•1

0•19, 0•22

0•599

0.59

0.56

11

11•91 11.9

0.669

0.54

0•79,

0•80

12

8.2, 8.4

0•27,

0.31

0•93,

0•92

Ni

9•4 9

9.2

0.51,

0.51

0.55,

0.53

N2

9.49

9.0

0.20,

0.18

0•55,

055

10.59 10.3

0•229

022

048, 0.46

Nodule

N3
N4

9.5,

9.1

0•17,

0.19

0•48,

049

N5

9•8,

9•7

0•26,

031

0•55,

0•57

N6

98, 9•5

o•16,

0.16

0•48 9

0.49

* Corrected for moisture content.
* Corrected for moisture and ash content.
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The uronic anhdride and inethoxyl content of purified A. laeta
gum samples and nodules

Sam le

Uronic anhydride,

+

Methoxdl,

1

14.2

0.52, 0.52

2

12.2

0.35, 0.32

3

12.6

0.37, 0.36

4

14.9

0.33, 0.30

5

14.0

0.56, 0.56

6

16.1

0.27, 0.26

7

14.0

0•35, 0•32

8

14.0

0•37, 0.35

9

12•2

0.43, 0.40

10

13.4

0.36, 0.38

11

11.1

0•37, 0.40

12

122

0.38, 0.39

Ni

14.5

053, 0.50

N2

14.3

0.47, 0.50

N3

14.3

0.54, 0.53

N4

14.0

0.47, 0.45

N5

13.4

0.49, 0.51

N6

13.9

0.54, 0.52

'

Nodule

* Corrected for moisture and ash content.

+ Calculated from average value of equivalent weight.
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Specific rotation of crude and purified A.iaeta gum samples and
nodules.
Sample

Crude*
[)18 ( o 2.0 9 1M NaCl)

Purified**
[c.)(c=1.0, water)

1

-30°

2

_34°
-34°
-41°
-41°
_310
_3l0

-32°
-36°

3
4
5
6
7

-30°

_390
-41°
-36°
-42°
-31°
-41°
-29°

11

-30°
-42°
-.37°
_34°

12

-32°

-30°

Ni

-

_35°

N2

-

-32°

N3

-

-37°

N4

-

-39°

N5

-

-35°

N6

-

-34°

N7

-42°

-

N8

-37°

-

N9

-33°

8
9
10

-32°

Nodule

* Corrected for moisture content.

Corrected for moisture andash
content.
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Table 8
solution. euuivalent weight and reducing power of purified

H of

A. laeta gum samples and nodules
Reducing power
E ulvalent weight*
(as % free aInose)
a

Sample

pH of 1% solution

1

3.35

1240

1240

0.72

2

3.42

1430

1450

0.67

3

3.23

1400

1400

0.71

4

3.40

1180

1180

0.70

5

3.29

1260

160

0.63

6

3.42

1090

1090

0.80

7

3.08

1250

1260

0.71

8

3.36

1260

1260

0.65

9

3.34

1440

1450

0.64

10

3.52

1300

1320

0.86

11

3.45

1580

1580

0.88

12

3.33

1440

1450

0.87

Ni

3.23

1210

1210

0.69

N2

3.19

1240

1230

0.73

N3

3.22

1230

1230

0.71

N4

3.25

1250

1260

0.73

N5

3.22

1320

1310

0.70

N6

3.24

1270

1270

0.71

Nodule

By direct titration to a phenolphthalein end-point.
jj By plotting a graph of pH against volLirne of sodium hydroxide
added.
All values were corrected for moisture and ash content.
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Table 9

Molar ratios of neutral sugars in purified A.laeta gum samples and
nodules.
Sample

D-galactose : L-arabinose : L-rhamnoae

1

10

2

10

3

10

4

:

2.9

9.0
8.4

:

3.7

9.1

3.1

10

9.8

3.9

5

10

10.1

6

10

7

:

:

3.2

8.3

3.2

10

6.7

3.0

8

10

7.4

3.3

9

10

:

7.9

:

3.4

10

10

:

7.6

:

3.8

11

10

7.7

:

4.1

12

10

8.6

:

3.3

:

:

Nodule
8'4

2'5

:

85

25

:

83

23

Ni

10

N2

10

N3

10

N4

10

8.8

:

2•5

N5

10

8.5

:

26

N6

10

8.1

:

26
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Table 10

Limiting flow—time number of crude A.laeta gum samples and nodules

Sample

li!ri. T - To
c--+O CT 0

1

2O0

2

23'4

3

21•6

4

2O5

5

22'3

6

201

7

20•7

8

214

9

21.7

10

20'9

11

19.1

12

21.2

Nodule

Vt1ue'

N7

20.2

N8

19.4

N9

19.1

crLecte1 for moisture contents

-72-.

Sarple
or

28

21;-

2
2(

2.

'I

2

2:

"19
2

0 10 20 30 40 50 60 70 80 90 iOO 110 120 130 140 150 lOU i/U

c
Figure

2. Graph of flovr-time number versus concentration (./nii.) for
. lacta gum samples and. noaulez.

- 73 -

ANALYTICAL STUDY: DISCUSSION OF RESULTS AND COMPARISON OF
A. LAETA GUM AND A. SENEGAL GUM.
The analysis of A.laeta gum samples and single nodules revealed,
in their composition and properties, variations which were outside
the range of experimental error.

Such variations indicate that,

in the absence of any gross heterogeneity, A.laeta gum is probably

'heteropolyrnolecular' (98).

Considerably less variation was found

in the single nodules of Sample 1 than in Samples 1-12, each of
which consisted of a mixture of nodules from a single tree.

The

range of variation in Samples 1-12 was of the same order as that
in A.seyal gum samples (54), but was greater than that in A.senegal
or A.nilotioa gum samples (3).
The variations in different crops of A.laeta gum from the same
tree were generally less than those encountered in gum samples
from different trees.

In most cases, the variations in crops of

gum from the same tree exceeded the inter-nodule variations of
Sample 1.

In some instances, different crops of gum from the

same tree showed smaller variations in some of their properties
than did the single nodules of Sample 1, but, since inter-nodule
variation of properties does occur in the gum, no significance
can be attached to these results.
It was observed that the change in nitrogen content was the
only consistent variation in the properties or composition of
different crops of gum from the same tree.

The nitrogen content

increased ith successive crops, gum from the first picking having
the lowest nitrogen content and gum from the third picking having
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the highest.

The increase was greater between the first and

second crop than between the second and third crop.

Since no

further correlation between properties, composition and crop was
apparent, it is possible that the consistent increase of nitrogen
content with crop was fortuitous.
The only general conclusion to be drawn from the anilysis is
that a sample of A.laeta gum from one crop of a single tree is
likely to be more homogeneous in properties and composition than
a mixed sample, and would therefore be a better subject for
detailed chemical investigation.
Analytical data are available for twelve mixed-nodule samples
of A.senegal gum from different trees (3).

The average reu1ts

and the ranges of variation are compared with those for A.laeta
gum in the following table:A.laeta gum (purified) A.senegal gum (purified)
Nitrogen, %
Uronic anhydrlde,%

0.75 (+0.19)
13.6 (+25)

0'34 (0.03)
130 (+1'6)

Methoxyl, %

042 (±015)

0.35 (+002)

t

-36° (j7)

-28° (+1)

Equivalent weight

1340 (+250)

Reducing power (as
free arabinose, )

0•76 (t0.13)

Molar ratios of
neutral sugars
(Gal : Ara : Rha)

10 : 84 (+17)
- 3.5 (+0.6)

Limiting flow-time
number
* From reference 263.

213 (±22)

1370 (±170)
O'35 (014)
10 : 10 : 3.3*

22

++ Results for unpurified samples.

** S. Rahman, personal communication.
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From this table, the general similarity of the two gums is
obvious.

The resemblance is even more apparent on comparison

of these gains with those of other Acacia species for which
analytical data are available (3), the variations in composition
and properties from species to species being, in general, far
greater than those found between the gums of A.laeta and
L. senegal.
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THE APPLICATION OF VARIOUS FRACTIONATION PROCEDURES TO
ACACIA GUMS
GRADED ADDITION OF ETHANOL
This method was applied to the gum exudates of A.senegl,
A. seyal, A.arabica and A.drepanolobium.
33 g. of each guru in the unpurified form were dissolved in
300 ml. of water and filtered to remove insoluble material.

The

solutions and the ethanol used for precipitation were acidified
with 12N hydrochloric acid (1 ml. of acid/100 nil, of solution or
After adding
The solutions were stored at 00.
ethanol).
sufficient alcohol to bring the solutions near the point of precipitation, further alcohol was added in small amounts over a
period of fifty five days.
obtained from each solution.

A series of precipitates was thus
As each precipitate formed, it was

removed by decantation of the surnatant solution, purified by
dialysis and eleotrodialysis and then freeze-dried.
The uronic anhydride and nitrogen contents of each of the
precipitated fractions were determined (Table 11).

There were

no significant variations in the uronic anhydride contents of the
different fractions from each gum.

The nitrogen contents of the

fractions varied considerably but in an apparently random manner.
Overall reduction in nitrogen content did not occur to any great
extent since the total recoveries of nitrogen varied from 85% to

105%.

The precipitation curves of the gums (Figure 3) resembled

those of a 'homogeneous' polymer (86) i.e. a polymer in which
there is no sharp discontinuity in the properties of the molecular
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species present.

The total recoveries by weight of the gums

were as follows: A.senegal

52%

A.eeyal

41%

A.arabica

62%

A.drepanolobiuin

31%

Loss of gum occurred in the preliminary removal of insoluble
material and in the purification of the fractions.

In particular,

A.drepanolobium gum contained a relatively large amount of
insoluble material.
It was concluded that, by the graded addition of ethanol, each
gum was fractionated with respect to molecular size, material of
higher molecular weight being precipitated first.

Evidence for

this was obtained by measuring the flow-times of 2% solutions of
the A.seyal gum fractions in 4% sodium chloride solution.

The

flow-times decreased from 300 seconds for the first fraction to
223 seconds for the tenth fraction.

Such a reduction in viscosity

was almost certainly due to reduction in size of the polysaccharide
species in the fractions.

Table 11
Uronic anhydride and nitrogen content of ethanol-precipitated
Acacia gum fractions
A. senegal gum
Fraction

Weight (g.)

Uronic anhydride,

Nitrogen,

1

2.29

15.1

0.62

2

7.59

14.6

0.45

3

1.68

14.8

0.20

4

0.66

14.6

0•12

5

1.35

14.8

0.13

6

1•23

15•3

0.14

7

1.30

15•4

0'12

5

0•58

15'5

018

9

0•40

148

o•18

10

0.31

156

0•13

151

0'39

Crude gum
A. seyal gum

Uronic anh3rdride,

Nitrogen, %

Fraction

Weight (g.)

1

057

13•5

038

2

0.61

14'0

0•62

3

040

-

0•61

4

3q86

142

015

5

1•78

13'9

007

6

1'79

144

oo8

7

2'70

14•5

005
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Table 11 (continued)
A. 8eyal gum (continued)
Fraction

Weight (g.)

Uronic anhydride,

Nitrogen,

8

112

14•4

006

9

003

-

020

10

0'63

152

003

11

0•07

14•6

0•14

12

0.15

14•8

0•15

13

007

148

0•16

13.8

019

Crude gum
A. arabica gum
Fraction

Weight (g.)

Uronic anhydride, %

Nitrogen,

I

1•34

11•6

0•17

2

0'31

109

016

3

135

117

0•14

4

324

110

012

5

405

110

004

6

71.11

117

0•04

7

3'08

111

003

8

3'67

11•5

002

9

0'93

11•6

0'03

10

0•64

11•6

005

11

009

-

028

12'0

0'07

Crude gum

MEM
Table 11 (continued)
A.drepanolobium gum
Fraction

Weight (L)

tjronic anhydride,

Nitrogen,

1

0.22

12.0

0.78

2

0.20

12.3

0.96

3

0.21

12.0

0.58

4

7.49

12.5

1.45

5

2.19

12.5

1.48

6

0•05

12.4

054

7

1.37

12.6

1.15

12.1

1.25

Crude gum

1241)

Ijronic anhydride values were determined by decarboxylation
(229).
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PRECIPITATION WITH LONG-CHAIN SALTS
This method was applied to unpurified A.senegal gum.

The

following long-chain salts were used:Cetyl pyridinium bromide,
Cetyl trimethyl ammonium bromide ('Cetavion'),
Cetyl triniethyl benzyl ammonium bromide,
Myristyl dimethyl ammonium bromide,
Myristyl pyridinium chloride.
In each experiment, 25 ml. of 7•5% gum solution were added
to 3 g. of the long-chain salt dissolved in 300 ml. of water.

On

storing the solutions at 00, insoluble complexes formed and these
were removed by filtration.

The cetyl pyridinium bromide/poly-

eaecharide complex and the Cetavlon/polysaccharide complex were
purified by alcohol extraction followed by water extraction to
remove unooniplexed long-chain salt or polysaccharide.

Recovery

of polysaccharide from these two complexes was effected by the
addition of alcohol to a solution of the complex in molar sodium
chloride.

The precipitated polysaccharides, after a further

precipitation with alcohol, were purified by dialysis and eleotrodialysis and then freeze-dried.
The other three complexes were found to be soluble in alcohol
The poly-

and could not therefore be so rigorously purified.

saccharide was recovered from each by the addition of 5M sodium
chloride to a solution of the complex in alcohol.

The precipitated

polyeacoharidee were then purified and freeze-dried.
After preparation and removal of each of the five complexes,

the supernatant solution was evaporated to small volume.

Any

remaining .polysaccharide was precipitated by the addition of
alcohol in the presence of several nile. of 5M sodium chloride
solution, and then purified and freeze-dried.
The polysaccharides recovered from the complexes and from
the supernatant solutions were weighed and their uronic anhydride
contents were determined.

The total recoveries by weight of

polysaccharide were low, ranging from 34% to 42% of the original
material.

The amount of polyeaccharlde remaining in solution

after removal of the complex varied from zero to 30% by weight
of the original material.

The variation in uronic anhydride

content of the fractions was within the range of experimental
error, indicating that the gum probably did not contain widely
differing acidic molecular species.
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CHROMATOGRAPHY OF ACACIA GUMS ON DEAE-CE LL[JLO SE
Chromatographic fractionation on DEAE-cellulose has been
previously applied to the gains of A.senegal (136), A.seyal (54),

A.mollissirna (136,147) and A.nhlotica (3), but the factors
influencing the results of this procedure have not been extensively
investigated.

Differences between the fractions were found for

A.seyal gum (54) and for A.inillissima gain (147), but the validity
of these results is questionable since sodium hydroxide solution
was used as one of theeluants and alkaline degradation (40 9 41) of
the polysaccharides may have occurred.

In particular, an artefact

resembling xyloae was found in the hydrolysate of the A.seyal gum
fraction elated by sodium hydroxide (54).

This artefact was

thought to be an alkaline-degradation product of the DEAE-cellulose,
but it may have resulted from alkaline degradation of the gum since
a similar artefact was not found in the sodium hydroxide fraction of
A.nilotioa gum (3).
Step-wise elation from DEAE-cellulose of two different nodules
of A.nilotica gum produced, in each case, one major and several
minor fractions (3).

Analysis of each major fraction revealed a

marked similarity in composition to the original nodule.

There

was a variation in the relative yields of the fractions obtained
from several single nodules of A.nilotioa gain by step-wise elation
Such variation, possibly due to inter-nodule variation of
(3).
the gum, emphasises the arbitrary nature of the results of stepwise elution and the need to choose the eluant concentrations with
reference to the gralient elution pattern of the material being
fractionated.

Gradient elation of A.senegal gum from DEAE-cellulose at an
eluant pH of 4.1 and reohromatography of portions of the polysaccharide elated indicated no sharp discontinuity in the properties of
the gum (136).
The paucity and ambiguity of the available data indicated the
need for a systematic study of the chromatography of Acacia gums on
DEAE-cellulose.

In the present work, factors thought to influence

the results of the procedure were investigated and a comparison was
made of the chromatographic behaviour of a number of different
Acacia gums. A comparison was made of the results obtained using
several different grades of DEAE-cellulose.

Elation with a linear

buffer gradient was used throughout in preference to step-wise
elation so that direct comparison of elation patterns obtained under
varying conditions could be made.
Experimental details
Eleotrodialysed, freeze-dried gum samples were used throughout.
The experimental procedures used were as follows:10 g. of DEAE-cellulose were pre-treated by stirring with 250
ml. of 05M hydrochloric acid for thirty minutes, washing with water
and then stirring with 0'5M sodium hydroxide for a further thirty
minutes. The exchanger was again washed with water and then
equilibrated by stirring with several hundred mis. of molar phosphate
buffer of pH 6 (prepared by the addition of concentrated sodium
hydroxide solution to molar sodium dihydrogen phosphate solution),
allowing the suspension to settle for ten minutes and decanting the
supernatant liquor containing the fines.
was repeated six or eight times.

The equilibration process

The exchanger was poured as a
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slurry in phosphate buffer into a glass column of 2 cm. internal
diameter containing a level base of glass wool and sand.

After

packing, the upper surface of the exchanger was protected by a
layer of glass-fibre paper.

The column was washed with 200-300

ml. of 0.02M phosphate buffer of pH 6 before the polysaccharide
sample (50 mg. dissolved in a few mis. of 0.02M buffer) was allowed
to run into the top of the column.

Elution under a small pressure

head was started immediately, first with a linear gradient of
phosphate buffer of pH 6 (0.02M

4

0.50M 9 total volume = 1 litre)

and then with a linear gradient of sodium hydroxide solution (o•OOM
The flow rate was apoximately
-+ 0.50M, total volume = 1 litre).
1 ml./minute.

Fractions (10 ml.) were collected on an automatic

turntable and screened by the phenol-sulphuric method (180), the

elution pattern being plotted as a graph of optical density against
volume of eluant. A preliminary experiment showed that the
optical density was directly proportional to the polysaccharide
concentration of the fraction.

When citrate or chloride buffers were used, the equilibration
procedure was analogous to that employed with phosphate buffers.
When a phosphate buffer containing urea was used, the exchanger
was equilibrated with phosphate buffer containing no urea but was
finally washed with 0.02M phosphate buffer containing urea in the
required concentration before thepolysaccharide sample was applied.
When the exchanger was required in the hydroxyl form, it was pretreated in the usual way, packed into a column, washed with 250 nil.
of 0•5M sodium hydroxide solution and then washed thoroughly with

water before the polysacoharide sample was applied.
Equilibrated batches of exchanger were used immediately,
since, on storage, ion-exchange continues and thus disturbs the
equilibrium between anion and exchanger (132).

Preliminary experi-

ments showed that although elution with phosphate buffers gave
reproducible results, subsequent elution with sodium hydroxide
solution gave extremely variable elution patterns unless the
exchanger was equilibrated and used on the same day.
The following four sections describe the experiments carried
out using the above prooedure, and the results are discussed in
the appending section.
Chromatography on DE 50 DEAE-cellulose
A Yhatman brand of DEAS-cellulose known as DE 50 was used for
the first series of experiments.

The following experiments were

carried out:Al.

A column containing 10 g. of DEAE-cellulose in the phosphate
form was eluted with a linear gradient of phosphate buffer
of pH 6 (0'02M -, 0'50M, total volume = 1 litre) and then with
a linear gradient of sodium hydroxide solution (0•00M .+ 0•50M,
total volume = 1 litre).

No material was eluted by the

phosphate buffer, but decomposition of the exchanger began
when the sodium hydroxide gradient reached 0'4M and thereafter material giving a positive phenol-sulphuric reaction
was eluted in increasing amounts.
A2.

50 mg. of A.laeta gum (nodule Nl) were chromatographed on
10 g. of DEAS-cellulose in the phosphate form using the
elution conditions of experiment Al.

The elution pattern

is shown in Figure 4.

The recovery of polysaccharide was

8 5%.
Experiment A2 was repeated, first with 20 rag, and then with
100 mg. of A.laeta gum (nodule Ni).

The elution patterns

were of the same shape as that shown in Figure 4, and in
each case the same relative amounts of polysaccharide were
eluted by each eluant.
50 mg. samples of the following Acacia gums were chromatographed as In experiment A2:A. 1eta (Sample 7)
A. senegal
A. drepanolobium
A. nubica

A. dealbata
A. campylacantha
A. karroo
A. giraffae
A. mnearnsii
A. decurrens
The elution patterns are shown in Figures 5 - 14.
AS. 50 mg. samples of A.laeta gum (nodule Ni) were chromatographed
as in exeriment A2 with the exception that the pH of the
phosphate buffer gradient was varied between two and ten at
unit intervals.

The elution patterns are shown in Figures

15 - 22 (the elution pattern for pH 6 is shown in Figure 4).
A6. 50 mg. of A.laeta gum (nodule Ni) were chromatographed on
10 g. of the hydroxyl form of DEAE-cellulose using the elution
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system of experiment A2.

The elution pattern closely

resembled that obtained in experiment A2.
Al.

50 mg. of A. laeta gum (nodule Ni) were chromatographed as
in experiment A2 with the exception that the phosphate
buffer gradient (pH 6) was 7M with respect to urea.

The

elution pattern is shown in Figure 23.
50 mg. of A. laeta gum (nodule Ni) were chromatographed on
10 g. of the hydroxyl form of DEAE-cellulose by gradient
elution with sodium hydroxide solution (0'OOM - 0'50M,
total volume = 1 litre).

The elution pattern is shown

in Figure 24.
50 rag, of A. laeta gum (nodule Ni) were chromatographed on
10 g. of the citrate form of DEAE-ceilulose by elution with
a linear gradient of citrate buffer of pH 6 (002M -. 0'50?i1,
total volume = 1 litre) followed by elution with a linear
gradient of sodium hydroxide solution (0'00m 0•50M, total
volume = 1 litre).

The elution pattern is shown in

Figure 25.
AlO. 50 rag. of A. laeta gum (from a single nodule of Sample 4)
were chromatographed as in experiment A2 with the exception
that the gum solution was passed through a 12 Millipore
filter before being adsorbed on the column.

The elution

pattern is shown in Figure 26.
Chromatography on DE 11 DEAE-cellulose
This grade of DEAE-cellulose, originally known as DE 50, was
re-classified as part of the Whatman Chroniedia range of materials.
Figure 27 shows the elution pattern of 50 mg. of A.laeta gum.(nodale

Ni) chroniatographod on 10 E. of DE 11 under the conditions of
experiment A2.

Despite the supposed similarity of DE 11 and

DE 50, a much smaller 'sodium hydroxide fraction' was obtained
from DE 11 than from DE 50 under the same conditions.
Chromatography on DE 32 and DE 52 DEAE-cellulose
These grades of DEAE-cellulose recently becme available as
part of the Whatman Chromedia range of products.

The two grades

of exchanger are identical with the exception that DE 32 is
supplied, dry and must be precycied with acid and alkali before
use, whereas DE 52 is supplied wet and preewoilen and does not
require acid/alkali precycling before use.

The particles of these

exchangers are 'miorogranular,' being rod-shaped and varying in
size only within narrow limits.

The differences between these

exchangers and the fibrous grades of DEAE-cellulose, e.g. DE 50
and DE 11, extend from the gross particles down to the molecular
level (272).

DE 32 and DE 52 are particularly recommended by

the suppliers for superior resolution of high molecular weight
polyelectrolytes.

The following experiments were carried out,

some using 10 g. columns of DE 32 and others using 10 g. columns
of DE 52:31.

50 mg. of A.laeta gum (from a single nodule of Sample 4)
were chroniatographed using the elation conditions of
experiment A2.

The elation pattern is shown in Figure 28.

B2. Repetition of experiment 31 using the hydroxyl form of
DEAE-cellulose gave a similar elation pattern with the
exception that a slightly more diffuse band of polysaccharide
was elated by the phosphate buffer.
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:33.

Experiment Bi was repeated using 20 mg., 200 mg. and 500

Mg. of gum.
B4.

The elation patterns are shown in Figures 29-31.

Experiment 31 was repeated, but in this case the gum solution
was passed through a
adsorbed on the column.

Iiiillipore filter before being
The elation pattern was identical

to that obtained in experiment Bi.

35.

Experiment 31 was repeated using 50 mg. of A.laeta gum (nodule
Ni) that had become practically insoluble on storage.

On

the addition of a few mis. of 0'02M phosphate buffer to the
gum there formed a gel which was stirred into the top of the
column.

The elation pattern is shown in Figure 32.

20 mg. of A.laeta gum (from a single nodule of Sample 4)
were chromatographed using as eluant a linear sodium chloride
gradient adjusted to pH 6 with concentrated hydrochloric acid
(0'02M -+ 0•50M, total volume = 1 litre).
is shown in Figure 33.

The elation pattern

Subsequent elation with a sodium

hydroxide gradient desorbed only slight traces of polysaccharide.
20 mg. of A.laeta gum (Sample 7) were chromatographed using
a linear gradient of phosphate buffer of pH 6 (002M - 0.50M 9
total volume = 500 ml.) which was 7M with respect to urea.
The elation pattern is shown in Figure 34.
20 mg. of each of three samples of A.laeta gum (Sample 7,
Sample 10 and a single nodule of Sample 1) were chromatographed,
using as eluant a linear gradient of phosphate buffer of pH 6
(002M 4 050M, total volume = 500 ml.).

The elation patterns

- 91 are shown in Figures 35-37.
39.

The polysaccharide eluted by chromatography of 20 mg. of
A.laeta gum (Sample 7) in experiment 38 was used in this
eieriinent.

By combining the relevant fractions it was

divided into two approximately equal portions, A and B.
After dialysis against running water for several days,
the solutions of A and B were evaporated to small volume
and each was re-chroinatographed under the same conditions

as the original sample.

The elution patterns of A and B

are shown in Figures 38 and 39.
310. Experiment 39 was repeated using 20 mg. of A.senegal gum.
The elution patterns of the whole gum and of the fractions
A and B are shown in Figures 40-42.
ChromatograhN on DE 22 and DE 23 DEAE-cellulose
These grades of DEAE-cellulose are part of the Whatman
Chroinedia range of products.

They are similar to the fibrous

grade, DE 11, but have improved uniformity of substitution, higher
effective polyelectrolyte capacity and improved kinetics (272).
DE 23 differs from DE 22 in having a considerably reduced proportion of the shorter fibres.

The following experiments were

carried out using 10 g. columns of the exchangers:Cl.

20 mg. of A.laeta gum (Sample 7) were chrornatographed on the
phosphate form of DE 22 using linear gradient elution, first
with phosphate buffer of pH 6 (0•02M

4

0•50M, total volume =

500 ml.) and then with sodium hydroxide solution (0•OOM
0.50M, total volume = 500 ml.).
shown in Figure 43.

4

The elution pattern is
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02.

Experiment Cl was repeated using DE 23.

The elution

pattern was identical to that obtained in experiment Cl.
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DEAE-cellulose chromatography : Evaluation of results
A study of the literature (page 12) revealed no conclusive
evidence of gross heterogeneity in Acacia gums, i.e. there appears
to be no marked discontinuity in the properties of the molecular
species present in the gums.

It was therefore surprising that

two fractions were produced by the chromatography of A.laeta gum
on DE 50 DEAE-cellulose in experiment A2 9 one fraction on elution
with phosphate buffer and the other on elution with sodium hydroxide
solution.

The blank experiment, Al, showed that the fractionation

effect was not caused to any extent by degradation of the DEAEcellulose, and experiment A3 showed that, within the limits investigated, the effect was independent of the amount of gum applied to
the column and was not, therefore, due to overloading of the column.
In experiment A4, chromatography of other Acacia gums on DE 50
DEAE-oellulose showed that the elution pattern of A.laeta gum was
typical of the genus.

The elution patterns were not sufficiently

dissimilar to provide a means of identifying different species of
Acacia gum.

For any one gum, the shape of the phosphate elution

pattern was found to be constant, but slight variation in the shape
of the sodium hydroxide elution pattern occurred.

This gave some

indication that the elation of material by sodium hydroxide might
depend on factors other than heterogeneity of the gums.
In experiment A5 9 an investigation was made of the changes in
the elution pattern of A.laeta gum caused by variation in the pH of
the phosphate buffer gradient. Phosphate buffers of pH 6 have been
used by previous workers for the chromatography of Acacia gums (3,
54, 147).

Jermyn, however, used sodium chloride solution as eluant

- 104 in conjunction with an acetate buffer of pH 4.1 (136).

In order

to discus the results obtained for .1aeta wn (Figure 4 --nd
15-22) 9 it is necessard to introduce a term to describe the !no1rity
of elunt required to elute material from a column of the exchiner.
This term is 'peak molarity'

nd is defined s the molar concentra-

tion of the e1u.nt gradient at which the maximum concentration of
material is eluted from a column of exchanger.

Figure 44 shows

a graph of peak molarity against pH for the phosVhate buffer grad-

ients used in experiment A5.

The results were limited to the pH

range 2-10 since phosphate buffers of pH less than 2 or greater

than 10 could not be prepared.

In any case, under strongly acidic

or alkaline conditions, degradation of the DiAE-cellulose and the
Acacia gum cold not have been avoided.

From the graph of peak

molarity against pH, it is seen that at high or low pH values the
peak molariti is re1stivel low, but in the intermediate pH range
it reaches a maximum value of 0.38.

These results ma be inter-

preted by considering the contribution at different pH values of

ionic bonding towards the adsordtion of the polysaccharide on the
exchanger.

At low pH values, DAE-cellulose is completely ionised

and the polysaocharide crboxy1 groups are discharged.

Ion-

exchange between the polysacoharide and the exchanger cannot
therefore occur, and, in the consequent absence of ionic bonds,
retention of the Volisacchuride on the exchanger must be governed
by secondary adsortion effects.

The secondar4 adsorption

effects are relatively weak compared vvith ionic bonding and so
the polysaccharide is more easily removed from the exchanger when

there is no ionic bonding, i.e. a lower pe.k molarity is required
in the absence of ionic bones.

On the basis of the
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experimental results, the precise nature of the secondary adsorption effects cannot be postulated, nor is it possible to
elucidate the mechanism by which such effects are eliminated by
an increase in molarity of the eluant, thus enabling elution of
the polysaccharide to occur.

At high pH values, DEAIE-cellulose is completely discharged
and the polysaccharide carboxyl groups are lonised.

Ion-exchange

cannot therefore occur and retention of polysaccharide on the
exchanger must be due to secondary adsorption effects.

Figure 44

shows that at high pH values the peak molarity tends towards a
limiting value of approximately 0•15 at pH 14.

In an alkaline

medium, hydroxyl groups are ionised, thus preventing hydrogen bond
formation and causing mutual repulsion of a polysaccharide and
DEAE-oellulose.

The fact that the peak molarity decreases but

does not reach zero at high pH values therefore suggests that the
secondary adsorption effects are due partially but not solely to
hydrogen bonding.

It is of interest to note that, on extrapola-

tion, the graph of peak molarity against pH passes approximately
through the origin, showing that the secondary adsorption effects
are less marked in an acidic than in an alkaline medium.

At intermediate pH values, the DEAE-cellulose and the polysaccharide carboxyl groups can ionise to some degree and so ion-

exchange becomes possible, the extent of this depending on the
relative degree of ionisation of the exchanger and the poiyeacoharide.

In addition to the secondary adsorption effects,

the tenacity with which the polysaccharide is adsorbed on the
exchanger depends on the extent of ionic bonding between the two,
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and so will depend on the extent to which ion-exchange between

them is possible.

The graph of peak molarity against pH reaches

a maximum at pH 4°25, indicating that, at this pH, strongest
adsorption and hence maximum ionic interaction occurs between the

polysaccharide and the exchanger.

This pH value of 4.25 corres-

ponds closely with the value of 4.1 chosen by Jermyn (136) who
considered that at a pH of about 4 DEAE-cellulose would be com-

pletely ionised and polysaccharide carboxyl groups would be partly
and perhaps selectively discharged.
In addition to influencing the secondary adsorption effects
and the extent of ionic bonding between the polysaccharide and the

exchanger, it is possible that alteration of the eluant pH affects
the equilibrium constant of the ion-exchange reaction and thus

affects the peak molarity.

Such an effect, if it occurs at all,

is likely to be small in comparison with that due to the variation
of the ionic bonding with pH and could only occur over the pH

range within which ion-exchange is possible.

It will thus have a

minimal effect on the variation of the peak molarity with pH.

DEAR-cellulose has a great affinity for the hydroxyl ion (131)
and so equilibration with a phosphate buffer of high pH is unlikely
to convert the exchanger entirely to the phosphate form.

This,

however, could not have affected the results obtained in experiment
A5 in which the higher pH phosphate gradients were used, since it
was found in experiment A6 that chromatography of A.laeta gum on

the hjdroxyl form of the exchanger gave results very similar to
those obtained using the exchanger In the phosphate form.

Such
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results show that complete equilibration of the exchanger before
use is not a necessary condition of the chromatography process.
In experiment A5, elution of the columns with phosphate buffer
was followed in each case by elution with a sodium hydroxide
gradient.

The sodium hydroxide elution patterns were similar

except for those obtained after elution with phosphate buffers
of pH 9 and 10.

In these two cases small amounts only of poly-

sacoharide were eluted by sodium hydroxide.

This showed that any

polysaccharide remaining on the exchanger after elution with a
phosphate buffer of pH less than 9 was probably attached to the
exchanger primarily by hydrogen bonding, since, as previously
mentioned, an alkaline medium disrupts hydrogen bonds and leads
to mwtu.al repulsion between the polysaccharide and the exchanger.
Confirmation that hydrogen bonding occurred between some of
the polysaocharlde and the exchanger was obtained in experiment
Al by chromatography of A.laeta gum using, as eluant, a phosphate
buffer gradient of pH 6 that was 7M with respect to area.

Dis-

ruption of hydrogen bonds occurs in the presence of urea, and, in
this instance, practically all the polysaccharide was eluted by
the phosphate/urea eluant, only a small amount being subsequently
eluted with sodium hydroxide.

In addition, the peak molarity of

the phosphate gradient was 0•16, which is lower than that of a
phosphate gradient of the same pH in the absence of urea.

This

shows that the presence of urea weakens the secondary adsorption
forces and indicates that the polysaccharide normally eluted by a
phosphate gradient is probably bound to the exchanger partially
by hydrogen bonds.

The nature of the secondary binding forces
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between polynucleotides and DEAE-cellulose has been studied (273).
Hydrogen bonding was tentatively assigned the major role and it
was found that the presence of urea in the eluants vastly increased
the degree of separation of the nucleotides.
It was observed that, on elation with phosphate buffers either
in the presence of urea or at pH 9 or lop the A.laeta gum 'fraction'
normally elated by sodium hydroxide was elated along with the remainder of the polysaccharide as a single band with an elation
pattern that was symmetrical apart from aLight amount of 'tailing.'
This clearly indicated that there was little difference between
the two polysaccharide 'fractions,' since any major difference
would have caused the whole polysaccharide to be elated as two
separate bands or as a markedly asymmetrical single band.

Further

evidence against any gross heterogeneity was obtained in experiment
A8 by elation of A.laeta gum from the hydroxyl form of DEAE-cellulose by a sodium hydroxide gradient.

In this case also the

elation pattern showed a single main peak that was symmetrical
apart from a certain amount of 'tailing.'

In experiment A9,

elation of the gum from the citrate form of DEAE-cellulose by a
citrate buffer gradient gave a similar result, and only a small
amount of polysaccharide was subsequently elated with sodium
hydroxide.

Though not as strong as that of the hydroxyl ion, the

citrate ion has a marked affinity for ME-cellulose (131) and, in
addition, it seems likely that it has a disruptive effect on
hydrogen bonds and on the other secondary adsorption forces.

This

would account for the low peak molarity (01) of the citrate buffer
gradient and for the small amount of polysaccharide elated by
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sodium hydroxide.
Experiments with different grades of DEAE-cellulose showed
that the production of two 'fractions' from Acacia gums depends

on the grade of the exchanger.

Chromatography on DE 11 DEAE-

cellulose, using a phosphate gradient of pH 6 as eluant, produced

one main fraction and only a small amount of polysaccharide Was
subsequently eluted with sodium hydroxide (Figure 27).

Such a

marked difference in behaviour between the DE 50 and DE 11 grades
of exchanger was surprising since, according to the suppliers, the
two grades are identical.

In experiment Bi, chromatography of

A.laeta gum on DE 52 DEAE-cellulose gave the elution pattern shown
in Figure 28.

In this case practically no polysaccharide was

eluted by the sodium hydroxide gradient.

In experiment B2, use

of the hydroxyl form of the exchanger gave similar results, showing
that incomplete equilibration of the exchanger with the buffer to
be used did not lead to the production of a 'sodium hydroxide
fraction.'

When, in experiment B3, different weights of poly-

saccharide were chromatographed, it was found that excessive
loading of the exchanger column produced a 'sodium hydroxide fraction,' but the relative amounts of polysaccharide eluted by each

eluant remained practicali' constant.

Increase of the load does

not therefore increase the relative amount of the 'sodium hydroxide
fraction.'

This confirms the results obtained in experiment A2

using DL 50 DEAE-cellulose.
On storsge, purified Acacia gums become insoluble in water,
but they remain readily soluble in dilute sodium hdroxide coition.
The possibility that insoluble aggregates of gum could be retained
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on certain grades of exchanger during phosphate elution was considered.

I.Such aggregates, being soluble in alkali, would appear
It was found in experiment

as the 'sodium hydroxide fraction.'

B4 that passage of A.laeta gum solution through a 12,Millipore
filter before application to the column had no effect on the
elution pattern in the case of DE 52.

In experiment AlO a similar

procedure did not eliminate the 'sodium hydroxide fraction' in the
case of DE 50.

No visible material was retained on the filtmrs

whose pore size was such as to exclude any particles with dimeisions
much in excess of those of the gum molecules.

In experiment 35,

chromatography of a practically insoluble sample of A.laeta gum on
DE 52 DEAE-cellulose gave the elution pattern shown in Figure 32.
On the addition of a few mis. of the starting buffer to the sample
there formed a gel which could not be filtered and which had to be
stirred into the too of the exchanger column.
hydroxide fraction' was produced.

A distinct 'sodium

This effect, however, could

not have occurred to any extent in the previous experiments since
all the other gum samples used were readily soluble.
As previously mentioned, the evidence indicates that any poiysacoharide not eluted from DEAE-oellulose by a phosphate buffer
gradient is adsorbed on the exchanger by hydrogen bonding.

Since

the magnitude of the effect was found to depend on the grade of

exchanger used, it appears that different grades of exchanger must
differ in the availability of sites at which hydrogen bonding can
occur.

The grades of DEAE-cellulose used may be divided into

'fibrous' and 'rnicrogranular' (272).

Fibrous exchangers larly

retain the structure of the cellulose from which they are derived,

the carbohydrate chains being orientated along the fibre axis with
areas of high and low orientation being described as 'crystalline'
and 'amorphous' respectively.

Within and between these regions

are located 'holes' of a wide size range.

Ion-exchange substitu-

tion of the cellulose occurs preferentially within the amorphous
regions, the 'holes,' according to their size, being accessible in
varying degree to the reagents.

The resulting fibrous exchangers,

e.g. DE 50 or DE 11, have highly heterogeneous charge distributions
and may vary In performance from batch to batch. Miorogranular

exchangers, e.g. DE 32 and DE 52, differ from the fibrous grades in
that the degree of molecular orientation of the native cellulose
is increased and the highly orientated regions are regrouped, the
structure being stabilised by cross-linking.

Ion-exchange sub-

stitution takes place on the surfaces of the 'holes' which are now
more favourably disposed to the reagents.

This confines the ion-

exchange sites to the more accessible regions of the matrix.

It

is well known that strong adsorption of plant gains on cellulose
occurs, so it is probable that relatively unsubstituted crystalline

regions in the cellulose matrix of DEkE-cellulose provide sites
for hydrogen bonding with gums.

This effect would be most marked

with fibrous exchangers and would occur least with regularly substituted miorogranular varieties.
in agreement with this hypothesis.

The experimental results were
Further evidence was supplied

by the chromatography of A.laeta gain on DE 22 and DE 23 DEAE-celluloses in experiments Cl and C2. DE 22 and DE 23 are fibrous
exchangers, but differ from DE 50 and DE 11 in that they have a
greater uniformity of charge distribution and hence they should

contain fewer relatively unsubstituted crystalline regions.

In

theory, therefore, DE 22 and DE 23 should retain, after phosphate
elution, less polysaccharide than the other fibrous grades.

This

was found to be the case, since these exchangers compared favourably
in performance with the inicrogranular grades.
The

available evidence indicates that the roduotion of a

';odium hydroxide fraction' on the DEAE-cellulose chromatography of
Acacia gums depends on the grade of exchanger and not on the gums.
It would therefore appear that the gums are not grossly heterogeneous.
The phosphate elution. patterns (Figures 5-14) of the gums chromatographed on DE 50 each showed one practically symmetrical main peak.
In most cases, a small amount of material was also eluted shortly
after application of the buffer gradient to the column.

This effect

was noted by Jermyn (136), who found that a small amount of carbohydrate was invariably released from DEAE-cellulose samples whenever
a salt gradient was applied to them.

The sy:nmetry of the main peaks

in the phosphate elution patterns is an indication that arked1y
dissimilar molecular species do not occur in the guas.

It is,

however, possible for a single elution peak to be composite, i.e.
to result from the simultaneous elution of two or more dissimilar
fractions.

Different eluants were therefore applied in the chromato-

graphy of A.laeta gum on BE 32 DEAE-cellulose in order to investigate
whether the single peak produced on elution with a phosphate gradient
could be resolved into two or more peaks.

It was found in experi-

ment 36 that elution with a chloride gradient and in experiment B7
elution with a phosphate gradient that was 7M with respect to area
produced, in each case, only one practically symmetrical peak.

- 113 -

Different A.laeta gum samples were used in these two experiments,
but this factor is of no significance as regards comparison of
the results since the two samples and also a third sample of A.
lasta gum were practically indistinguishable when, in experiment
38, they were chromatographed under the same conditions.

In

addition, the small amount of material eluted shortly after
application of a buffer gradient to BE 50 did not appear when
BE 32 or BE 52 was used.
The possibility that displacement effects (Page 23) contributed to the production of a single elution peak on the chromatography of A.laeta gum on BE 32 or BE 52 was investigated by
dividing the eluted polysaccharide into two portions and subjecting each of

these, in experiment BY, to re -chromatography

under the same conditions.

The peak molarities of the eluant

gradients required for the two portions were well within the range
of molarity of the eluant gradient required to elute the whole
polysaccharide.

In addition, the elution patterns of the two

portions and the original polysaccharide were very similar in
shape.

In experineit 7,310, similar results were obtained with

A.senegal gum.

hese iindings show that displacement effects

probably do not occur, i.e. the strength of adsorption on the
eehanger of any one molecular species in the whole polysaccharide
is not afreoted by the presence of the other molecular species.
Jeriyn (136) applied a similar procedure to A.senegal gum and
obtained similar results.

He concluded that although there wa.i

no guarantee that a single uolecular species was being eluted,
there was no sharp discontinuity in properties.
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The fact that, in exjeriments A4, 39 and 310, J.1aeta gum
and A.senegal gum gave similar results on DEAE-cellulose chromatography further emphasises the similarity between the two gums which
was found on analysis.
In 'view of the inter-nodule variation of Acacia gums and the
lack of conclusive evidence of gross heterogeneity, it can only
be concluded that, so far as is known, the gums are heteropolymolecular, i.e. they vary in their monomer composition and/or in
their mode of linking and branching in addition to having a mole-

cular weight distribution (98).

In the absence of gross

heterogeneity, DLE-cellulose chromatography is unlikely to provide
much useful information regarding the degree of variation encountered in a heteropolymolecular polysaccharide.

Step-wise elution

can be used to separate the polysaccharide into any required

number of 'fractions,' but, as each of the 'fractions' is heteropolyrnolecular, little is gained by this procedure.

It would

appear that, like many other fractionation methods, DEAE-cellulose
chromatography is only effective in the separation of polysaccharides
having widely different molecular structures.
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LAMA

STRUCTURAL ANALYSIS OF ACACIA

GUM

TOTAL ACID HYDROLYSIS

5 g. of purified A.laeta gum (Sam,le 3) were dissolved in 500
ml. of 2N sulphuric acid and refluxed at 1000 for 12 hours.

The

hydrolysate was cooled, neutralised with barium hydroxide and barium
carbonate, centrifuged and then deionieed with IR-120 resin.

The

hydrolysis products were fractionated on a column of Duolite A-4
resin (20 x 2 am.) in the formate form.

The neutral fraction was

eluted with 2 litres of water and the acidic fraction was eluted
with 2 litres of 5 v/v formic acid.

The neutral fraction was

evaorated to a syrup weighing 3.3 g. Chromatography of this syrup
in solveni A revealed D-galactose (RGa1 = 1.00), L-arabinose
(RGa1 = 1i34), L-rbamnose (RGa1 2.11) and between L-arabinose
and L-rharnnoee, a diffuse trace of material that gave a rink colour
with the aniline oxalate spray.

The acidic fraction was evaorated

to dryness several times from aqueous solution to remove formic

acid and then examined ohromatograhioal1y in solvent B.

There

were observed components which had the mobilities of D-gluouronio
acid (Rai = 1.18), D-glucurone (RQa1 = 3.1) and, in trace amount,
4-0-methyl-D-glucuronic acid (R ai = 2.62).

Traces of the neutral

sugars were also oresent.
The neutral fraction was chroinatographed on a cellulose column
(60 x 3 cm.) using solvent

A.

20 ml. fractions were collected.

Every fifth fraction was eva&orated to dryness and examined chromatograhically in solvent A. Fractions were combined and evaporated
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to dryness to give dure D-galactose, L-rabinose and L-rhaxnnose.
The syrupy sugars orietallised on standing and were recrystallised
Their identities were confirmed as follows:-

from water.
D-Galaotose.

900 Mg.

-

1190 (lit. 118 - 120)
M.P. and mixed M.P. = 118
18 = 800, o = 4.0 (Lit. 800)
500 mg. of the sugar were dissolved in 10 ml. of 1:1 v/v nitric
acid: water and heated at 1000 until the volume of the solution was
The solution was cooled and the addition of 10 ml. of

3 - 4 ml.

water drecipitated mucic acid.

This was purified by repreci4ta-

The
tion from 2N sodium hydroxide with dilute hydrochloric acid.
mucic acid was washed with water and then dried at 1000, M.P. = 213
- 2140 (Lit. 212 - 2130).

L-Arabinose.

1.04 g.

M.P. and mixed M.P. = 159 - 1600 (Lit. 1600 )
= 1050 9 c = 30 (Lit. 104.50 )
RGal= 1•36 (solvent A)

The X-ray diffraction trace of the sugar was identical to that
The phenylosazofle was
of an authentic sam1e of L-arabinose.
prepared and this, after recrystalii2atiofl from water, had M.P. =
164 - 1650 (Lit. 1650).
L-Rhamno Se.

275 mg.

940)
M.P. and mixed M.P. = 93 - 940 (Lit. 93 = 9° 9 c = 3.0 (Lit. 9.40)
a1 = 2.10 (solvent A)
The X-ray diffraction trace of the sugar was identical to
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that of an authentic sample of L-rhamnose.

The phenr1osazone was

prepared and this, after reordstallisation from water, had M.P.
181 - 1820 (Lit. 1820).
SMALL SCALE AUT0HDR0LY 51$
3 g. of purified Aaeta gum (Sample 7) were dissolved in 150
The course of
ml. of water and ref 1uxed at 1000 for 150 hours.
the reaction was followed by ohromatoraphy on No.4 paper in solvents
A and B.

The specific rotation of the solution was determined at

intervals for the first ten hours, but after this time discolouration of the solution preoluded accurate readings.
Arbinoee was the first sugar to be liberated, indicating that
at least some of it was present In the polysaooharide as arablnofuranose end-grous.

It was detected after one hour and reached

its maximum concentration in approximately twenty four hours.
After one and a half hours, rhamnose and two disaccharides were
detected. After twenty hours there was no apparent increase in
the concentrtins of these comonents.

The two disaccharides

ot of RGal 0.71 in solvent A, but, In solvent B,
were resolved into two spots with Ra1 values of 0°51 and 0.71.

moved as

single

Galactose was detected in trace amounts after three hours and showed
no subsequent increase in concentration. After forty hours, trace
quantities of an acidic disaccharide were detected in solvent B.
Its Roa, value of 0.19 corresponded to that of 6_0$-D-g1ucuronosy1D-galactose.
After 150 hours, the autohydrolysate was cooled, filtered and
dialysed against distilled water for two days.

It was then reduced
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to small volume and the degraded polyeacoharide was precipitated

with alcohol, removed bi filtration, washed with alcohol and
dried, the yield being 970 mg.

The dialysate, the alcohol solu-

tion and the washings were combined and evaporated to yield 14

a.

of a syrup containing mono- and disaccharides.
LARGE SCALE AtJTOHThROLYSIS
30 g. of purified A.laeta gum (Sample 7) were dissolved in
1500 ml. of water and refluxed at 1000 for 60 hours.

Chromato-

graphy during the small scale autohydrolysie had shown that the

reaction was essentially complete after 45 hours.

In the dresent

exeriment this was verified by iodometric titration (183).
After 50 hours, a constant titre was obtained.
the autohydrolysate was cooled and filtered.

After 60 hours,
It was dialysed for

48 hours against 4 litres of di8tilled water, the dialysis being
then continued for another 48 hours against a further 4 litres of

distilled water.

The autohydrolysate was then evapori.ted to email

volume and poured into a litre of alcohol. The preci4tated
degraded gum was removed by centrifugation, washed with alcohol,
repreoi4tated from water with alcohol, dissolved in water and

freeze-dried, the yield being 12•5 g.

The alcohol centrifugates

and washings were added to the distilled water dialysates and
evaporated to a syrup weighing 164 g. Analysis of the degraded
gum showed it to have an equivalent weight of 840, corresponding
to a uronic anhydride content of 21%.

Galactose and arabinose

were present in the apjroximate ratio.. of 20 : 1 and, in addition,
a trace amount of rhamnose Was detecte.. For the degraded gum,
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= -280 , 0 = 1•0.
Chromatography of the syrup in solvents 3 and C revealed
galactose, arabinose, rhamnose and two disaccharides.

5 g. of

the syrup were fractionated on a cellulose column (60 x 3 cm.) by
development with solvent J.

Every fifth fraction was evaporated

to dryness and examined by chromatography in solvent C. Frao-

tione containing monosaccharides were discarded. Fractions
containing disaccharides were combined and evaporated to dryness.
Complete resolution of the disaccharides was not obtained so they
were further fractionated on 3MM paper in solvent B. They were

then examined as follows:271 ing.
1480 , c = 30 (Lit. 152, ref. 274)
Rai = 071 (solvent A), 051 (solvent B), 0'77 (solvent C)
The disaccharide was obtained as a partially crystalline syrup.
It was chromatographically pure and identical to 30a-D-ga1acto-

pyranoeyl-L-arabinoae in solvents A. B and C. Hydrolysis showed
it to contain galactose and arabinose. Borohydride reduction,

followed by chromatography in solvents A and B of the hydrolysed
reduced disaccharide, gave galactose as the only reducing sugar.
This showed that arabinose constituted the reducing end-group of
the disaccharide.

The disaccharide phenylosazone was preaied

and, after recrystallisation from water, it had M.P. = 2350 with

decomposition (Lit. 2350 with decomposition, ref. 274).

50 mg.

of the disaccharide were methylated, first by Haworth's method
and then by Kuhn's method. The methyl glycosides produced on
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methanolysis were examined by g.1.o.

reducing sugars produced on acid hydrolysis of the methyl glycosides
were examined by chromatography in solvent D. The following com-

ponents were identified:-

Retention times of Ra value in
methyl glycosides solvent D
Column A Column B

2,3,4,6-tetra-0-methyl-D-galaotose

1'69

1.68

0090

2, 5-di-0-methyl-L-arabinose

1•27, 2.18 1•829 240 085

2, 4-di-0-me thy 1-L-arabinose
(trace)

1•539 1.61 2'20, 225

0•67

30-L-Arabinopyranosyl-L-arabinoee. 35 mg.
1800, o = 0.7 (Lit. 192, 2300 , ref. 274)
RGa1 = 0.71 (solvents A and 3), 0.86 (solvent C)
The disaccharide was isolated as a chromatographically pure
syrup identical to 3-0-.L-arabinopyrariosyl-L-arabinose in solvents
A, B and 0.

Hydrolysis showed it to contain arabinose only.

The

disaccharide phenylosazone was prepared and, after recrystallisatlon
from water, it had M.P. = 233 - 234 0 (Lit. 233 - 2350, ref. 274).
The remainder of the disaccharide was methylated, first by Heworth's
method and then by Kuhn's method. The methyl glycosides produced
on methanolysie were examined by g.l.o.

The partially methylated

reducing sugars produced on acid hydrolysis of the methyl glycosides
were examined chromatographically in solvent D. The following

components were identified:-

- 121 Retention times of
methyl glycosides

RG value in
solvent D

Column A Column B

2,3,4-tri-0-methyl-L-arabinose 0.51

102

o•So

2,4-di-0-methyl-L-arabinose

1.50 9 1.59 1.80, 2.39

0.65

2,5-di-0-methyl-L-arabinose
(trace)

1.23, 2.08 2.15, 2.24

0.86

ISOLATION 01 3-0- -L-ARA INOFURANO SYL-L-ARABINOSE
The lability of some of the arabinose units of A.laeta gum
during autohydrolysis suggested that these residues were present
in the gum as arabinofuranose end-groups. Meth,ylation studies
subsequently confirmed the presence of both arabinopyranose and
arabinofuranose end-groups in the gum. From these results and
the fact that 3-0-$-L-arabinopyranosyl-L-arabinose was produced

on autohydrolysis, it was inferred that 3-0--L-arabinofuranosy1L-.arabinoae might be present as a structural unit of the gum.
Since this disaccharide was not detected as a product of the
previous autohydrolyses, it was assumed to be stable only under
very mild autohydrolysis conditions.

The following.procedure was

therefore adopted in order to detect and isolate the disaccharide.
5 g. of purified A.laeta gum (Sample 7) were dissolved in 250
After this time,
ml. of water and heated at 800 for two hours.
chromatography of the solution revealed the autohydrolysis products
previously identified and, in addition, a trace component corres-

ponding to 3-0--L-arabinofuranosyl-L-arabiflo8e.

This trace com-

ponent had an RGal value of 1•25 in solvent B and, in solvent A, it
travelled at the same rate as arabinose. It was obtained in better
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solution of 5 g. of purified gum (Sample 7) In 250 ml. of water
was heated at 800 in a dialysis bag placed in one litre of distilled water which was changed at two hour intervals.
hours the autohydrolysate was allowed to cool.

After six

It was then

dialysed against a further litre of d.tetilled water for twenty
four hours.

The combined dia1yates were € orated to a syrup

weighing 1.3 g. which was examined chromatographically in solvent
B.

The syrup was found to contain galactose (trace), arabinose,

rhamnose, 3-0--c.-D-galactopyranosy 1-L-arabinose, 3-0--L-arabinopyranosyl-L-arabinose, and component thought to be 3-0--L-arabinofuranosyl-L-arabinose and a slow moving component with an Ra1 value
of ca. 0'3. Examination of the previously unidentified components
was carried out as follows, after resolution of the mixture by
chromatography on 3MM paper in solvent B.
Slow moving component.

10 mg.

The slow moving component of the autohydrolysate was resolved
into two fractions by chroiflatography on No.1 paper in solvent C.
18 = 600 approx.)
The larger fraction (8.5 mg., RGa1 = 0.31,
was assumed, on the basis of its chromatographio mobility, to be a
triaaooharide.

It was tentatively identified as 0--L-arabiflo-

pyranosyl-( l-3 )-0-L-.arabinofuranoeyl-( 1-3 )-L-arabinose. The
smaller frgction (ca, 1 mg., Ra1 = 0•45) was not examined further.
The identification of the larger fraction was based on the following
evidence,
Hydrolysis of 2 zag, produced arabinose only.

The remainder

of the trlsaocharide was methylated by Kuhn's method.

The methyl

- 123
glycosides produced on methanolysis of the methylated trisacoharide
were examined by g.1.c. The partially methylated reducing sugars

produced on hydrolysis of the methyl glycosides were examined
chromatographically in solvent D.

The following components were

identified: Retention times of RG value in

methyl glycosides

solvent D

Column A Column S
2,3,4-tri-0-methyl-L.-arabinose 0.82

1.01

0.81

2,5-di-0-methyl-L-arabinose

1.30, 2.11 1.98, 2.55

0.85

2,4-di-0..methyl-L-arabinoae
(trace)

1•55, 1.63 2.209 2e33

0.66

Further evidence of the furanose configuration of the centre
arabinose unit of the trisacoharide was supplied by the methylation
study of the whole gum, since no 2,4-di-0-.methyl-L-arabinose was
found in the hydrolysis products of the methylated gum.

The 0-

configuration was assigned to the linkage at the non-reducing end

of the trisacoharide because 3-0--L-arabinopyranosyl-L-arabinose
had already been charaoterised as an autohydrolysis product.
3-0--L-Arabinofuranosy1-L-arabinose.

28•5 mg.

900, a = 0•56 (Lit. 890 , 940 , ref. 274)

RGal= 1.25 (solvents B and K)
The disaccharide was isolated as a syrup contaminated with a
trace of arabinose.

In view of the lability of the disaccharide

and the acidity of the solvent used in its isolation, such contamination was inevitable.

Hydrolysis of a few mgs. of the disaccharide

produced arabinose only. The disaccharide phenylosazone was prepared and, after recrystallisation from water, it had M.P. = 198 -199
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(Lit. 2000, ref. 274).

The remainder of the disaccharide was

methylated, first by Haworth's method and then by Euhn's method.

The methyl glycosides produced on methanolysis were examined by
9.1.0.

The partially methylated reducing sugars produced on acid

hydrolysis of the methyl glycosides were examined chromatographically in solvent D.

The following components were identified:Retention times of

methyl glycosides

Ra value in
solvent D

Column A Column B
?,3,5tri-0-methy1-L-arabiflO8e 0.52, 0.65 0.56 0 0.73

0.83

2,3 4-tri-0-methyl-L-arabin0Se
trace)

1.03

0.99
0.81

2,5-di-0-methyl-L-arabifloao

1.289 2.18 1.84, 2.43

0.84

2,4-di-0-methyl-L-arabiflose

1.52 9 1.63 2.19, 2.26

066

Since the trace of 2,3,4tri-0-methy1-L-arabifl08e was found on

g.1.o. examination of the methylated disaccharide before methyanolysiE
its presence was probably due to the arabinose impurity.

SMALL SCALE PARTIAL ACID HD10L CIS
A solution of 1 g. of purified A.laeta gum (Sample 7) in 50 ml.
At
of 0•1N sulphuric acid was refluxed at 1000 for five hours.
half hourly intervals, 1 ml. aliquots were removed, neutralised
with barium carbonate, deionised with IR-120 resin and examined
chromatographically in solvents A and B.

Galactose, arabinose,

rhamno se, 3-0-c.-D-galaotopy rano sy 1- L-arab i nose and 3-0- -L-arab mo No other
prranosyl-L-arabiflo8s were present in all the aliquots.
hydrolysis products were detected.
After five hours, the hydrolysate was neutralised with barium
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carbonate, centrifuged, deionised with IR-120 resin and evaporated
to small volume.

The acid-degraded gum was precipitated by the

addition of alcohol, centrifuged, washed with alcohol and dried,
the yield being 415mg.
Analysis showed the acid-degraded gum to have an equivalent
weight of 550, corresponding to a uronic anhydride content of 31.
Galactose and arabinose were present in the approximate ratio of
50 : 1.
After precipitation of the acid-degraded gum, the alcohol
centrifugate and washings were combined and evaporated to yield
550 mg. of a syrup. chromatographic examination of the syrup in
solvents A and 0 revealed, in addition to the components previously

detected, trace amounts of other components corresponding to 6-0p_D_galactopyranosyl_D_galaotOSe (RGal = 0.30 in solvent A, 0.3e
in solvent C) and 3_0__D_ga1aotopyraflo5y1_D_ga1aOtOSe (Rai = 0'47
in solvent A, 0.53 in solvent 0).
The experiment was repeated using 1 g. of the degraded gum
produced by autohydrolysis.

With the exception that only trace

amounts of rhamnose were detected in the hydrolysate, similar results
were obtained.

The yield of acid-degraded gum was 700 mg. and the

yield of mono- and disaccharides was 245 mg.
The acid-degraded gums obtained from these two experiments
were each dissolved in 50 ml. of iN sulphuric acid and ref luxed at
i

° for twelve hours.

At hourly intervals, 2 ml. aliquots were

removed, neutralised with barium carbonate, deionised with IR-120
resin and examined chromatographically.
were detected in etch case.

The same hydrolysis products

In solvent , there were detected after
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one hour, galactose, arabinose, 6-0-3. and 30-D-ga1actopyranosy1D-galactose.

After four hours, hydrolysis of the two galacto-

bioses was complete.

In solvent B. two additional components were

detected in all the samples.
glucuronosy l-D-galao tose (R rai

These corresponded to 6-0--D0.18) and 6-0---( 4-0-me thy l-D-

gluouronoeyl)-D-galaotOse (Rai = 0.66).

For the first four hours,

the slower of the acidic components was partially obscured by the
neutral disaccharides, but it was clearly visible during the subsequent eight hours.

HYDROLYSIS WITH AN ACIDIC ION-EXCHANGE RESIN
Small scale experiments were carried out to ascertain if resinhydrolysis of the gum was a feasible alternative to partial acid
hydrolysis. The method used was that described by Haab and
Anastassiadis (182).
A solution of 50 mg. of A,laeta gum (purified, Sample 5) in
10 ml. of water was sealed in a glass tube with 1 g. of Ii-120 resin
(hydrogen form) and shaken for 24 hours at 1000. The resin was
drained and washed through with 10 ml. of water to give Fraction A.
Fraction 3 was obtained by eluting the resin with 10 ml. of 2N
hydrochloric acid followed by 5 ml. of water.

Fraction A was

again passed through the column followed by 10 ml. of water.
Chromatography of Fraction A in solvents A and G then revealed
glucuronic acid, glucurone, galactose, arabinose, rharnnoae and very
faint traces of disaccharides.

Chromatography of Fraction B in

solvent H revealed, using a ninhydrin spray, four major amino acid
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components and a number of slower moving minor components. The
mobilities of the major components corresponded to those of alanine,
glyolne, valine and leucine. A similar experiment in which the

hydrolysis time was 10 hours produced the same results.
Since good yields of oligosacoharides were not produced by
resin hydrolysis, the method was not used again.

LARGE SCALE PARTIAL ACID HYDROLYSIS
Chromatographic examination of the small scale partial acid

hydrolysis products indicated that poor yields of oligosacoharides
would be obtained from the same procedure on a large eagle. In
order to obtain better yields of oligosacoharides, the large scale
partial acid hydrolysis was therefore carried out in a number of

stages, the hydrolysis products being isolated after each stage.
A solut ion of 30 g. of purified A. iseta gum (Sample 7) in 500
0

ml. of 001N sulphuric acid was refluxed at 100 for 60 hours.
After dialysis against running water for 48 hours, the solution
was adjusted to 0'2N with sulphuric acid and refluxed at 1000 for
L. hours. It was neutralised with barium carbonate, centrifuged,
reduced in volume and poured into alcohol. The precipitate,

degraded gum A, was removed by filtration and washed with alcohol.
The yield was 65 g. The alcohol filtrate and washings were

examined chromatographically in solvents B and C and found to
contain galactose, arabinose, a trace of rhamnose and only traces

of disaccharides. They were therefore discarded.
Degraded gum A was hydrolysed with 250 ml. of 05N sulphuric
acid at 1000 for 2 hours. After neutralisation with barium carbonate, the hydrolysate was centrifuged, deionised with IR-120
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resin and evaporated to small volume.

The addition of alcohol

precipitated degraded gum B which was removed by centrifugation
and washed with alcohol. The centrifugate and washings were
evaporated to a syrup which was separated into an acidic fraction
and a neutral fraction by ion-exchange chromatography on a column
(15 x 2.5 cm.) of DEAE-sephadex 0-25 in the formate form.

The

neutral fraction was eluted with 1.5 litres of water and the
acidic fraction was eluted with 1.5 litres of 3

v/v formic acid.

Chromatography showed that the neutral fraction contained galaiotose,
arabinose (trace) and components with the mobilities of 6-0-0and 3_0__D_galaotopyraflo$yl_DgalaCtOse,

Slow moving components

with R1 values of 0.21 and 0•26 were also detected in small amounts.
The acidic frotion was evaporated to dryness from aqueous solution
several times to remove formic acid and examined chromatographically
in solvent B.

It was found to contain galactose (trace) and com-

ponents with the mobilities of 6_0__D_g1ucuroflO8yl_DgalactO8e and

&-o--( 4-0-methy

1-D-glucuronoey 1 )-D-galaotose.

Degraded gum B was hydrolysed with 250 ml. of 2N sulphuric acid

at 1000 for 1 hour to yield degraded gum C and a syrup.

The syrup

was fractionated on DEAE-sephadex, and it was found that, with the

exception of arabiriose, it contained the same components as the
syrup produced on hydrolysis of degraded gum A.
Degraded gum C was hydrolysed for four hours with 250 n1. of

2N sulphuric acid at 1000 to yield degraded gum D and a a.rup
The greater
containing galactose and the two aldobiouronic acids.
part of the galactose was removed by fractionation on DEAE_phadeX.
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Degraded gum D was hydrolysed for two hours with 250 ml. of
2N sulphuric acid at 1000 to yield a mixture of mono- and oligo-

saccharides.

This mixture was fractionated on DEAB-sephadex and

found to contain the same components as the syrup produced on
hydrolysis of degraded gum B.
The large scale partial acid hydrolysis procedure is represented diagrammatically in Figure 45.

The oijoeaccharide-containing neutral fractions obtained by
Zrctionation of the partial acid hydrolysis products were combined,
decolourised with charcoal and evaporated to a syrup weighing 26 g.
The acidic fractions obtained from the partial acid hydrolysis
products were also combined, evaporated to dryness from aqueous
solution several times to remove traces of formic acid, decolourised
with charcoal and evaporated to a syrup weighing 310 mg.

These

neutral and acidic fractions were examined as follows.
PARTIAL ACID HYDROLYSIS: EXAMINATION OF NEUTRAL FRACTION
The components of the neutral fraction were resolved by
chromatography on 3MM paper in solvent A.

In addition to those

previously observed, two further components were present in trace
amount.

The slower moving of these corresponded to 3-0-c-D-

galactopyranosyl-L-arabiflose (Rai = 0.70, solvent A) and the other
travelled slightly faster than arabinose as a diffuse pink band
(aniline oxalate spray).

This latter component had the same

mobility, Ra1 = 22 approx. in solvent A, as the trace component
observed after total acid hydrolysis of the gum.
With the exception of galactose and arabiriose, the components
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PJRIFIED A. LA.ETA c.irn (30.)
500 ml- 0.01W H250i+.
1000, 60 hours
Dialysis
DEGRADED GUM SOLUTICN
500 ml. 0.21 H2 SO4
l. hours

DEGRADED GUM A + mono- and oligosaooharid.es (discarded.)

I
I

250 ml. 0.5W H2 so
4
2 hours

D

DEGRADED GUM B + SYRUP sephadex
250 ml. 21 H2SO
1000, 1 hour

DEGRADED GUM C + SUP

I

Galactose (trace), aldobiouronic acids

Mono- and oligosaecharides
DEAE
trace), a1d.iouronio acids

250 ni. 2W H2 so
I100 , 14. hours
DEGRADED GUM D + SYRUP

Mono_ and oligosacchar5Aes

Galactose
DEAE-

250 ml. 21 H280z3.

(trace), aldobiouronic acids

100°, 2 hours Mono- and. oligosaooharides
SYRUP _ D=._<
dex
Galactose (trace), aldobiouronic acids

Figure 45.

Diagraniatic representation of the large scale partial acid
hydrolysis procedure.
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of the mixture were isolated and examined as follows:Trisaceharide fraction.

19

Mg.

This fraction contained the slower moving components of the
neutral fraction.

These components were assumed to be trisacoha-

rides on the basis of their chromatographic mobilities. Chromatography on No.1 paper in solvent B removed traces of aldobiouronic
acids and neutral disaccharides from a mixture of trisaccharidea
that travelled as a single component with an RGa1 value of 0.03.

The trisacoharide mixtu.re , weighing 14 mg., was isolated and
chrornatographed on No.1 paper in solvent C to give two chromatographically pure fractions which were examined as follows:Fraction 1.

40 mg.

ROal = 0.08 (solvent A), 0.10 (solvent a)
The fraction was methylated by Kuhn's method.

The methyl

glycosides produced on inetbanolyss were examined by g.l.c.

The

partially methylated reducing sugars produced on acid hydrolysis of
the methyl glycosides were examined ohronatographically in solvent
The following components were identifiedD.
Retention times of RG value in
solvent D
methyl glycosides

Column
2,3,4 ,_t5tra_Q_methy1_D_ga1a0t08e

,3,4_tri_0_methyl_D_ga1a0t08e
2,3,5_tri_0_methYl_Dala0t08e
(Trace)

A Column B

161

1q67

089

5.29

642

067

3.339 4.37 4.059 5.38

The ease components were detected and

087 approx.

their separation was

improved by double development in solvent F.

On the basis of the

metbylation evidence, Fraction 1 was considered to contain only

- 132 one component, tentatively identified as 0--D-ga1actopyranosylSince 6-0--D-

(1,6)_Q_D_ga1actopyranosy1_(1_,6)D-ga1actose.

galactoranosyl-D-ga1aotoae was found in the hydrolysis products,
the 0-configuration was assigned to the linkage at the non-reducing
end of the trisacoharide.
Fraction 2.

7.5 mg.

Real = 0.13 (solvent A), 0.18 (solvent a)
The fraction was methylated by Kuhn's method. The methyl
The

glyoosides produced on methanolysis were examined by g.1.o.

partially methylated reducing sugars produced on acid hydrolysis
of the methyl glycosides were examined chromatographically in
solvent D. The following components were identified:Retention times of RG value in
methyl glycosides solvent D

Column A Column B
2,3,4 ,6_tetra_0_inethylDga1aOto8e

164

1.69

0•90

2,3, 4-tri-0-me thy 1-D-galaotose

5.35.

6.60

0•70

2,4 ,6_tri_0_me thy 1-D-galaotoae

3.06, 3q50 3.88 9 4.28

2, 4.-di0-me thy l-D-galaotose
2 ,6_di_0_niethy1Dgalaotose (trace)

2,3,5- and/or 2,5,6-

tri_0_methyl_D-galactose

-

0.70

-

0.47

-

0.52

3.219 4•25 3.99, 5.33

087 ap.

The same components were detected and their separation was
improved by double development in solvent F. The methylation
results indicated that Fraction 2 was composite.

It is pOs3ible

that the following components were present:(a) __galaotopyranosy1_(1_3)_O_D_8ala0t0Pyf05Y1_(1ô)_D0
tose

- 133 (b) OD-ga1actop.yranosy1-( 1__6)_O_D_gs1actopyrano8yl-(1--93)_Dga1aoto as
(a)

to se
On the basis of the methilation evidence, OD-ga1actopranosyl-

(1-43)_0_D_galaotopyranosyl_(1__)3)_D-galaotose was also a possible
component of the mixture.

This trisacoharide, however, has a

higher oromatogYaJj)hic mobility than Fraction 2 and therefore could
not have been present in the fraction.
6_0__D_Ga1aotojyranoayl-D-ga1aCtoSe.

87.5 mg.

= 280 , o = .7 (Lit. 290 , 31, ref. 274)
RGai = 0.29 (solvent A), 0.38 (solvent C)
The disaccharide was isolated as a chromatographically pure
syrup identical to 6_0__D_galaotopyranosyl_Dga1aOtOSe in solvents
The disaccharide

A and 0. Hydrolysis produced galactose only.

phenylosazone was prepared and, after recrystallisatiofl from water,
had M.P. 201 - 203° (Lit. 203 - 2040 , ref. 274). The remainder of
the disaccharide was methylated, first by Haworth's method and then
by Kuhn's method.

The methyl glycosides produced on methanolysis

of the methylated disaccharide were examined by g.1.o.

The par-

tially methylated reducing sugars produced by acid hydrolysis of
the methyl glycosides were examined chromatographically in. solvent
D.

The following components were identified:-

ietentiofl times of RG value in
methyl goycosides solvent D
Column a Column B
2,3,4, 6_tri_0_ine thy l-D-gaiactoae
20, 4-tri--0-.me thy 1-D-galactose
2,3, 5-tri-0-me thy l-D-galacto as
(trace)

1.69
522

1'67
6.61

3.32, 4.35 4.01, 5.38

0'90
0•71
0.83
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The same components were detected and their separation was
improved by double development in solvent P.
3-0-(3-DGalaoto2yranosyl-D-ga1aotose.

115 mg.

M.P. and Mixed M.P. = 157
= 62, 0 2e4 (Lit. 6009 650 , ref. 274)
Ra1

0.47 (solvent A), 0.53 (solvent a)

The disaccharide was isolated as a chromatographically pure
aqueous syrup that crystallised on standing and was reorystallised
from water containing a trace of acetone. An X-ray powder photograph of the crystals was identical to that of an authentic sample

of 30-D-galaotopyrano8yl-D-&a1aCtO8e.

50 mg. of the disaccharide

were methylated, first by Haworth's method and then by Kuhn's method.
The methyl glycosides produced on methanolysis of the methylated
disaccharide were examined by g.l.c. The partially methylated
reducing sugars produced on acid hydrolysis of the methyl glycosides

were examined chromatographically in solvent D.

The followin,com-

ponente were identified:-

Retention times of RG value in

methyl g1'cosides

solvent D

Column A Column B
2,3,4 ,6tetra-0-zne thy l-D-galaotose

1.65

1.63

0.91
074

2,4 ,6tri0-xnethyl-.D-galactose

3.01 9 3.45 3.77 9 4q22

2,5 ,6tri0-me thy l-D-gaiaotose
(trace)

3.22 9 5.36(?)4.05 9 6.51(?) 0.85

The sane components were detected and their separation was
improved by double development in solvent F.

- 135 3-0-a-D-Ga1aotoyranos.yi-L-arabinose. 12 mg.
* 1500, a = 0.5 (Lit. 1520, ref. 274)
RGal= 0.70 (solvent A), 0.52 (solvent 3), 0.77 (solvent c)
The disaccharide was obt4ned as a syrup and was chromatographically identical to 3-0-c-D-ga1aotoj.yranoey1-L--arabinose.
This had already been oharaoterised as an autoh.ydrolyais product of
the gum. To confirm the identity of the disaccharide, it was
methylated by Xuhn'a method, subjected to methanolisie and then
to g.1.o. examination.

The following components were identified:Retention times of aeth,i1 glyoosideS

2,3,4,6-tetra-0..methyl-D.-galaotoae

Column A

Column 3

1.68

1.68

2,5.-di-0-meth41-L-arabinose

125 9

2.17

1.809 2.38

2,4-di-0-methyl-L-az'abinoae

1•51, 1•60

2.20, 2.23

Trace comjqnents.

12 mg.

The trace components of the partial acid hydrolysate travelled
as a single spot between arabinose and rhamnoae in solvent A. They
were resolved into two fractions by chromatography on No.1 paper in
solvent C. The fractions were examined as follows:Fraction 1.

6 mg.

RGal = 1'28 (solvent B), 1.95 (solvent C)
The fraction was chromatographically pure and identical to
xyloae in solvents 3 and C. With the small quantity available, the
specific rotation of the fraction could not be measured accurately,
but an aproximate value of _50 was obtained using an electronic
polarimeter.

For L-xylose, fc)D = _190 .

After conversion to the

methyl g1cosides, the fraction was methylated by Kuhn's ILethod and
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compared, by .I.e. and paper chromatography, with an authentic
sample of xylose that had been similarly treated.

The rnethylation

products of both Fraction 1 and authentic xylose were examined both

separately and in admixture.

In each case two major components

and several minor ones were detected.

The major components had

retention times of 0.41 and 0.51 on column A and 0•49 and 0.60 on
column B.

Acid hydrolysis of the zuethylation products produced

methylated reducing sugars which were examined chromatographically
in solvent D.

In each case, there were detected two major com-

ponents with

values of 0.83 and 092 and a minor component with

an RG value of 0•49.
On the basis of these similarities, Fraction 1 was tentatively

identified as L-xylose.
Fraction 2.

3.1 mg.

RGal = 1.52 (solvent B), 2.32 (solvent C)
This fraction was chromatographically pure and identical to
ribose in solvents B and C.

Using an electronic polarimeter, its

specific rotation was found to be approximately 50.

For L-ribose,

230. Fraction 2 was compared with an authentic sample of
ribose in the same way that Fraction 1 was compared with xylose.
The inethylation products of both Fraction 2 and authentic ribose
were examined by g,l.c. both separately and in admixture.

major and several minor components were detected.

Two

The major com-

ponents had retention times of 0•61 and 0•75 on column A and 076
and 0.89 on column B. Chromatographic examination of the methylated

reducing sugars in solvent D revealed, in each case, two major components with RG values of 083 and 092, and three minor components

- 137 -

with RG values of 0.539 0.63 and 0.74.
On the basis of these similarities, Fraction 2 was tentatively

identified as L-.ribose.
It is possible that these sugars, tentatively identified as

L-xylose and L-ribose, were not true constituents of the gum but
were artefaats produced during partial acid hydrolysis of the gum.
L-Ribose may have been formed by alkaline rearrangement of L-arabinose (275) during the addition of barium hydroxide in the neutralisation stages of the hydrolysis.

The stereoobemioal pathway by

which L.-xylose could have been formed is, however, uncertain.
If these components were true constituents of the gum, they
were present in such small amount as to have minimal structural
significance.

PARTIAL ACID

HYDROLYSIS: EXAMINATION OF

ACIDIC FRACTION

The acidic fraction was resolved into two components by
chromatography on 3MM paper in solvent B. These components were
examined as follows:l89 5 mg.
= 00 , o = 3.8 (Lit. 170 ,

-30 , -7.80 ,

ref. 274)

RGa1 = 0.20 (solvent B)
The aldobiouronic acid was isolated as a chromatographically
pure syrup. Hydrolysis for 10 hours with 2N sulphuric acid
produced galactose and gluouronlo acid.

50 mg. of the aldobio-

uronic acid were converted to the methyl glycoside methyl ester,
dissolved in 5 ml. of water and added slowly to 250 mg. of potassium
After 18 hours, the
borohydride dissolved in 10 ml. of water.
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excess potassium borohydride was destroyed by the addition of
dilute acetic acid.

The solution was then deionised with IR-120

resin and, to remove borate, it was evaporated to drjnese several
times with methanol. The product thus obtained was hydrolysed
for 12 hours with iN sulphuric acid at 1000 . Chromatography of
the neutralised hydrolysate in solvent A revealed glucose (Rai =
1.20) 9 galactose and a trace of gluouronio acid.

Glucose (14 mg.)

was isolated by chromatography on 3MM paper in solvent A and found
to have

= 50°, a = 025 (Lit, 52.50 for

fl-glucose).

The

j.theniloaazone was prepared and, after recrystallisation from water,
it had M.P. = 204 - 2050 (Lit. 2050 ).
75 mg, of the aldobiouronic acid were methylated, first by
The methyl glycosides

Raworth's method and then by Kuhn's method.

produced on methanolysis of a small amount of the product were
examined by g.l.c.

The following components were identifiedRetention times of methyl glycosides
Column A

2,3,4_tr1_0_methyl-D.-glL1curoflic acid 2•14, 2.66
2,3, 4-tn-C-me thy l-D-galactose

5

36

Colunn B
2•4l, 308

6.44

2.3.5_tri0methyl-D-ga1actOSe (trace) 3.27 0 4.32

4.02, 5•37

The remainder of the methylated aldobiouronic acid was treated
with 5% znethanolic hydrogen chloride at 1000 for eight hours and
dissolved in 10 ml. of dry tetrahydrofuran.

100 mg. of lithium

aluminium hydride were added and the solution was refluxed for two
hours.

A further 50 rag, of lithium aluminium hydride were added,

the solution was ref luxed for another hour and then cooled.

Excess

- 139 lithium aluminium hydride was destroyed by alternately adding ethyl
acetate and water.

The resulting precipitate was removed by

centrifugation, washed with water, methanol and acetone, and the
combined oentrifugate and wahjnge were then evaporated to dryness,

The product thus obtained was hydrolysed with iN hydrochloric acid
at 1000 for nine hours, neutralised with silver carbonate, centrifuged and evaporated to dryness.

The residue was extracted with

hot methanol and the methanolic solution was evaporated to small

volume and examined chromatographically in solvent D. This revealed
2.3.4tri0-methyl-D-gluoOSe (G = 0.86) and 2,3,4-tri-0-methyl-Dgalactose (R,, =0.70).
6_0_3_(4.0_Methyl_D.lucopyranuronosy1)_D-ga1aotoae.

75 mg.

= 40 (Lit. ..10 9 60 , ref. 274)
RGa1 = 068 (solvent B)

The aldobiouronic acid was isolated as a chromatographically
pure syrup. Hydrolysis for ten hours with 2N sulphuric acid produced
galactose and 4-0-mothyl-gluouronio acid (RGa1 = 264, solvent B).
10 mg. of the aldobiouronic acid were methylated by Kuhn's method
and, after methanolysie, g.1.o. revealed the same components that were
found in the methanolysis products of methylated 6_0.D-g1ucopyrafluronosyl-D-galactose.
50 mg. of the aldobiouronic acid were reduced with 2otLi
borohydride by the same method used to reduce 6_0__D_g1ucoyranuroii.osyl-D-galaotoae.

After acid hydrolysis, the products were examined

chromatographically in solvent A. Galactose and 4-0-methyl-glucose
were detected.

40Methy1-gluoose (12.5 mg.) was isolated by
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chromatography on 3II paper in solvent A and found to hav* (a]18 =
550

wit. 580 for 4-0-methyl-D-glucose, ref. 3) and liGal values of

( T

1•62 (solvent A), 2.63 (solvent B), 2.23 (solvent 0).

The

phenylosazone was prepared and, after reorystallisation from water,
it had M.P. = 1570 (Lit. 158 - 1590).

METHYLATION OP ACACIA LAETA GUM
30 g. of A. 1;ieta gum (purified, Sample 7) were dissolved in
500 ml. of water and methylated by Haworth's method.

While the

solution was stirred constantly in an atmosphere of nitrogen, 3

litres of 30% sodium hydroxide solution and 1'5 litres of dimethyl
sulphate were added slowly over a period of 72 hours.
ture was maintained at 20 - 250.

The tempera-

The solution was then neutralised

with ION sulphuric acid, dialysed ainst running water for 72 hours
and evaporated to 500 ml. 111lethylation was continued by the addition
of 2 litres of 30% sodium hydroxide solution and 1 litre of dimethyl
sulphate in the same manner as before.

A precipitate of partially

methylated gum formed during this secondary stage of the methylation
and this was redissolved by the additionof 500 ml. of acetone.
The solution was heated on a boiling water bath for 1 hour to expel
acetone and destroy excess dimethyl sulphate.

It was then cooled

and acidified with a slight excess of iON sulphuric acid to precipitate the partially methylated gum which was removed by filtration
and dried in vaouo.

The methoxyl content of the partially methy1ate

gum was 19.3%.
The partially methylated gum was dissolved in 200 ml. of dry
methanol and further methylated using urdie's method.

100 ml. of

methyl iodide and 3 g. of silver oxide were added and the mixture
was ref luxed in darkness for 48 hours. During this time a further
21 S, of silver oxide were added in 3 g. portions at intervals of
six hours. The mixture was then centrifuged and the precipitate
was washed with methanol. The centrifugate and washings were

combined and evaporated to dryness to yield partially methylated
gum. This was purified by precipitation from chloroform solution
It was then dried in vacuo.
with petroleum ether of b.p. 60 - 800 .
The Purdie methylation procedure was repeated another four times to

yield 14.7 g. of methylated gum with a nethoxyl content of 37.50,.
A small quantity of the product was again treated with Purdie's
reagents but there was no increase in the methoxyl content.

ETHOJI3 AND

HYDROLYSIS OF METHYLATED (RTh1 ATD

EXA1114IIA2ION OF THE £'EODUCTS
10 g. of the methylated gum were dissolved in 250 ml. of 5%
methanolic hydrogen chloride and refluxed on a water bath for 24
hours. After neutralisation with silver carbonate, the solution
was centrifuged, deionised with IR-120 resin and evaporated to
dryness. The resulting methyl glycosides of partially methylated
sugars were examined by g.l.o. and the following components were
identified-.-

- 142 Retention times of
methyl alycosides
Column A
200 4-Tri-0-methy l-L-rhamnose

Column B

0.54

0.46

2,39 4-tri-0-methyl-L-arabinose 0.87

1.01

2,3,5-tri.-0-methyl-L-arabinoee 0.54, 0.67 0.56, 0.73

1.30, 2.16 1.84 9 2.41
1.179 2.38

2,5-di-0--rnethyl-L-arabinose
3,5-di-0-methi1-L-.arabinose

A)prox iniate
amount

+

+++
+++ + +

trace

2,3,4 ,6-4etra-0-niethyl-Da1aotose

1.67

1.49

++++

2,3 ,4-tri-0-methy1-D-alaotose

5.37

6.80

++

2,4,6-tri-0-methyl-D-galactose 2.99 9 3.43 3.95, 4.43
2,4-di-0-methyl-.D-galaotose
29 6-di-0-methyl-D-galaotose

9.52 9 10.90 15.669 17.67
-

9.97

2,3,4-tri-0-methyl-D-glucuronic acid

2.16 9 2.67 2.41 9 3.08

2, 3-di-0-me thy 1-D-1uouronic
acid

5.69, 6.87 7.72 9 8.42

Unidentified component

1.18

1.42

trace

+++
trace

The methyl glycosides were hydrolysed in 250 ml. of iN hydrochloric acid at 1000 for 4 hours. After neutralisation with silver
carbonate, the solution was centrifuged, delonised with IR-120 resin
and evaporated to dryness.

The resulting partially methylated

reducing sugars were examined chromatographically in solvent D and
the following components were identified:-

- 143 Colour with aniline
oxalate spray

RG Aproximate
amount

2,3, 4-Tri-0-methyl-L-.rhamnose

Greenish-yellow

14 10

2,3, 4-tri-0-meth.yl-L-arabinose

Pink

0•79

2,3, 5-tri-0-methyl-L-arabinose

Grey (red in U.V.) 099

2, 5-di-0-metbyl-L-arabinoae

Grey (red in U.v.) 0•85

2-0-me thy 1-L-arab mae

Pink

0.39

2,3,4 ,6-tetra-0-methyl-Dgalactose

Brownish-red

0.91

2,3, 4-tri-0-me thy1-D-galac tose

Brown

0.69

+

2,4 ,6-tri-0-methyl-D-galaotose

Brown

0.73

++

2, 4-di-0-me thy 1-D-galaoto se

Brownish-red

0.48

2-0-me thy 1-D-galaoto se

Brown

0.31

Methylated acids

Brownish-red (streak) -

+

trace

++

-

Double development in solvent F gave an improved separation of
the slower movint components and revealed a trace amount of 2 96-di0-methyl-D-galactose that moved between
methyl-D-galactose.

2,4-di- and 2,3,4-tri-0-

The trace amount of 3 ,5-di-0-methyl-L-arabiriose

which was detected by g.l.o. on column B could not be detected by
paper chromatography.
The mixture of partially methylated sugars was separated into a
neutral fraction

and an

acidic fraction by ion-exchange chromatography

on a column (35 x 3 cm.) of DEAE-sephadex Q-25 in the formate form.

The neutral fraction was eluted with 2 litres of water and evaporated
to dryness to yield a syrup weighing 6'47 g. The acidic fraction was
eluted with 2 litres of 3% v/v formic acid and evaporated to dryness
The
several tis from aqueous solution to remove formic acid.
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weight of the acidic fraction was 1.44 g.
500 mg. of the acidic fraction were ref luxed in 25 ml. of 5%
methanolic hydrogen chloride for 24 hours. After neutralisation
with silver carbonate, the

solution was centrifuged and evaporated

to dryness. The resulting methyl eater methyl glycosides were
examined by g.1.o. and the following components were detected:Retention times of methyl
glycosides
Column A

Column 8

2,3,4-tri-0-methyl-D.-gluourofliO acid 2.16,. 2.68

2.38, 3.04

5.70, 6.87

7.68, 8.37

2,3di-0-methyl-D-g1uouronio acid
2,3,4-tri-0-methyl-D-galactose
The methyl

535

6.78

eater methyl glycosides were dissolved in 30 ml. of

dry tetrahydrofuran. 500 mg, of lithium aluminium hydride were

added and the mixture was refluxed for 1 hour. Another 500 mg. of
lithium aluminium hydride were added and the mixture was refluxed
for a further hour. After cooling, the mixture was filtered
through glass-fibre paper. Ethyl acetate was cautiously added to
the filtrate to destroy excess lithium aluminium hydride and the
resulting precipitate was removed by centrifugation and washed with
hot chloroform and hot acetone. The aentrifugate and washings
were combined and evaporated to dryness and the residue was

extracted with hot chloroform. The methyl glycosides obtained on
evaporation of the chloroform solution were hydrolysed with lN
hydrochloric acid and the resulting partially methylated reduOing
sugars were examined chromatographically in solvent D to reveal the
following components:-
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RG
2,3, 4-tri-0-methyl-D-glucose 0.85
2 ,3-di-0-methyl-D-g].uooae

0•55

2,3 ,4-tri-0-rnethyl-D-galaotose 0.76

The partially ,methylated gluoose8 could only have resulted
from reduction of the corresponding partially methylated gluouronie
acids.

The presence of 2,3,4tri-0-methyl-D-galaOtOSe is accounted

for by the presence in the acidic fraction of the bexamethyl ether
of 6-0--D-g1uouronosy 1-D-galactose.
The neutral fraction of the methylated gum hydrolysate was
ohromatographed on a cellulose column (90 x 4'3 cm.) by development
with solvent I.

The eluant was collected in 50 ml. fractions.

Every fifth fraction was evaporated to dryness and examined by
chromatography in solvents D and J. The contents of tubes containing the same components were combined and evaporated to dryness
to give the following thirteen fractions:Fraction

height (g.)

Components of fraction

1°303

2,3 ,4_tri0-niethyl-L-rhflflO$e
2,3 ,5_tri-0-methyl-L-abifloSe

0.059

2,3, 5tri-0-methyl-L-arabiflO8e
2,3,4 ,6_tetraOinethy1-D-8a1aOtO8e
2,3,4,6_tetra_0_'nethylDgalaOtO$e

0.228
1212

2,3,4, 6_tetra.O_methylD.-galaCtO8e
2, 5-di-0-nie thy l-L-arabinose

0.484

2, 5_diO-methy1-L-arabiflOSe
3 ,4tri-0me thy l-L-arabinoee
2

0.020

2,3 ,4-tri-0-methyl-L-arabiflOse
2,4 ,6_tri-0-methyl-D-&alactOSe

- 146 Fraction

weight (.)

:.;,fteflts

of frotion

0.221

2,4, 6-tri-0-me thy 1-D-ga lactose
2,3 ,4_tri_0_methy1D-ga1aCtOSe

0.007

ato se
thy
2 ,6_di_O_raethyl_D_galactO8e (trace)
2, 4-di-0-me thy 1-D-galaoto 25

0•032
1•230
0•009

2 .6-di-0-me

2 4_di_0_methyl-D-galaOtOee
2-0-me thy 1-L-arab i no se

0.015

2-0-me thy 1-L-arabinose (trace)
2-0-me thy 1-D- ga lao toss

0.210

2-0-me thy 1-D-galaoto se

Small portions of Fractions 1 - 10 were converted to the methyl
glycosides by refluxing in 50P methanolic hydrogen chloride. Examination of the methyl glycosides by g.l.c. on columns A and B confirmed
the paper chromatographic identification of the components of the
fractions. It was noted however that the amount of overlap of
components detected by g.1.o. was more extensive than could be
In addition, Fraction 6 was
detected by paper chromatography.
found to contain

a trace component with the retention times of 3,5-

di-0-methyl-L-arabiflOse (1.12 and 2'30 on column B).
With the exception of Fractions 8 and 11 9 fractions containing
only one component were examined as follows:3.
2,3,4, -te tra-0-me thy l-D-galaoto se
= 1150 , o = 1'5 (Lit. 117° , 1180 , ecui1., ref. 26)

Fraction

The N_phenylglycOsylaulifle was prepared and, after recrystailisa0
tion from ethanol, the M.P. of the crystals was 189 - 190 (Lit.
192 9 193 - 194 0, ref.276).
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Fraction 10.
2, 4-di-O-zxiethyl-D--galactose
= 870 , o = 2•0 (Lit. 850, 860 , equil., ref. 276)
The sugar orystallised readily on standing and was reorystallised
three times from acetone containing 1% water.

The M.P. of the cry-

stals was 88 - 900 (Lit. 98 - 990, ref. 276).

The N-phenylglyoosyl-

amine was prepared and, after reorystallisation from acetone/petroleum
ether, the crystals had M.P. = 219 - 2200 (Lit. 219 - 2200, ref.276).
Fraction 13.
2-0-me thy 1Dga1aoto se
820, a = 2.0 (Lit. 8009 830 , equil., ref. 276)
The sugar crystallised readily on standing and was recrystallised

from acetone containing 1% water.

The M.P. of the crystals was 148 -

1500 (Lit. 147 - 149, ref. 276).

An X-ray powder photograph of the

sugar was identical to that of an authentic sample.

MET}1LATI0N OF DEGRADED ACACIA LAETA GUM
5 g. of the degraded gum, prepared by autohydrolysis, were
suspended in 100 nil. of dry solvent ether. Diazomethane was generated
by the slow addition of 10 ml. of 4% alcoholic potassium hydroxide to

a solution of 2.14 g. of p-toyleulphonylmethylnitrosamide in 30 ml.
of dry solvent ether cooled in ice.

After five minutes, the resulting

diazomethane was distilled into the degraded gum suspension.

The

procedure was conducted in an atmosphere of nitrogen. The gum sue-

pension containing diazomethane was then shaken for twelve hours.
The eusension was eimi1ar1' treated a further eleven times and dry
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nitrogen was bubbled through it to remove ether.

The partially

methylated gum (OMe = 10 3%) was then dried in vaouo.
The partially methylated gum was further methylated by Raworth'e
method using 1 litre of 30% sodium hrdroxide solution and 500 ml. of
dimethyl sulphate.

It was then treated four times with the Purdie

reagents (50 ml. of methyl iodide and 10 g. of silver oxide), the
final product (3.8 g.) having a methoxyl content of 391$.

Further

treatment with the Purdie reagents did not increase the methoxyl
content.

METHANOLYSIS

TED DEGRADED GUM AND

EXAMINATION OF THE PRODUCTS
The methylated degraded gum was dissolved in 100 ml. of 5%
methanolio hydrogen chloride and refluxed on a water bath for 24 hourt
After neutralisation with silver carbonate, the solution was centrifuged, deionised with IR-120 resin and evaporated to dryness.

The

resulting methyl glycosides were examined by g.l.c. on columns A
and B. The methyl glycosides were then hydrolysed for four hours
with 100 ml. of IN hydrochloric acid at 100°.

The solution was

neutralised with silver carbonate, centrifuged, delonised with IR120 resin and evaporated to dryness.

The resulting partially

methylated reducing sugars were examined by paper chromatography in
solvent D and by double development in solvent F.
The following comononts were identified by g.1.o. and/or
paper chromatography:-

- 149 Approximate amount
2,3, 4-tri-O-me thy l-L-rhamrLose

trace

2,3 ,4-tri-O-methyl-L--arabinose

trace

2,3,5-tri-0-n thyl-L-arabinose

trace

2, 5-di-0-metbj l-L-arabinoee

trace

2,3,4 ,6-tetra-O-methyl-D-galaotose

+

2,3 ,4-tri-0-methyl-D-galaotose

+

2,4, b-tri-0-me thyl-D-galaoto se

+

2, 4-di-0-methy l-D.ga1aotose
2 ,6-di-O-methyl-D-galaotoae

trace

2-0-meth 1-D-galaotoae

+

2,3, 4-tri-O-methy1..D-g1ucuronic acid

++

2, 3-di-O-methyl-D-glucuronio acid

trace

SMITH DEGRADATION

DEGRADED

AACL LAETA

GUM

20 g. of autohydrolysed A.laeta gum (Sample 7) were further
hydrolysed for 30 hours in 0•02N sulphuric acid at 1000 .

After

dialysis against running water for 72 hours, the solution was
evaporated to small volume and poured into ethanol. The preoi4tated degraded gum was removed by centrifugation, washed with alcohol,
dissolved in water and freeze-dried. Analysis of the degraded gum
showed it to contain galactose (82%) and glucuronic acid (18%).
Neither arabinose nor rhamnose was detected by paper chromatography
of the hydrolysate.
A solution of 15 g, of the degraded gum in 1•5 litres of 0'25M
sodium metaperiodate solution was allowed to stand in darkness at

room terrx&erature.

The course of the reaction wao followed by

measuring the release of formic acid.

1 ml. aliquota of the solu-

tion were removed at intervals and titrated with 0.01N sodium
hydroxide solution using methyl red indicator. A graph of millimoles of formic acid released per gram of degraded gum plotted
against time is shown in Figure 46. After 96 hours the reaction

was terminated by the addition of 20 ml. of ethylene glycol and the
solution was then dialysed against running water for 48 hours.
4 g. of sodium borohydride were added and, after 30 hours, the
solution was again dialaed for 48 hours.

It was then evaporated

to a volume of 1 litre and adjusted to iN with sulphuric acid.
After standing for 48 hours at room temperature, the solution was
neutralised with barium hydroxide and barium carbonate, centrifuged,

deioniaed with IR-120 resin and evaporated to small volume.

The

addition of alcohol precipitated the Smith-degraded polysaccharide.
This was removed by centrifugation, washed with alcohol, reprecipi-

tated from aqueous solution with cloohol, dissolved In water and
freeze-dried.

The yield was 1'25 g.

The centrifugate and alcohol

washings were combined, evaporated to a syrup and examined chromatographically in solvent D.

aniline oxalate spray.

Glycolic aldehyde was detected with the

Glycerol we detected with a periodate/

permanganate spray containing one volume of 1% potassium permannate
dissolved in 2% aqueous sodium carbonate to four volumes of 2%
aqueous sodium rnetaperiodate.
500 mg. of the Smith-degraded polysaccharide were methylated by

Haworth's method using 200 ml. of 30% sodium hydroxide solution and
100 ml. of dirnethyl sulphate.

The partially methylated polysaccharide

1-2
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Graph of millir.ioies of foric acid. released, Per grani of degraded giva piobcd against ti-o.
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thus obtained was further methylated by five, treatments with the
Purdie reaents (10 ml. of methyl iodide and 1 g. of silver oxide).
A small prtion of the product was again treated with the Purdie
reagents, and, on subsequent examination, it and the remainder of
the product were found to contain the same components.

The methylatedSmith-degraded polysaccharide was subjected to
methanolysis and the methyl glycosides thus obtained were examined
by gl.o. on column B. The partially methylated reducing sugars

produced on acid hydrolysis of the methyl glycosides were examined
by paper chromatography in solvent D and by double development in
solvent P.

The following components were detected:Retention times
of methyl
glycosides

ApproxiR G value
mate
in
solvent D amount

2,3,4 ,6_tetra_O_methyl_Dga1a0tOSe

1.72

0.90

+

2,3, 4-tri-0-me thy l-D-galactose

6.72

0.65

trace

2,3, _j_Q_ne thy 1_D_galaotose*

3.03

-

trace

2,4 ,6_tri_O_nie thy l-D-galaotoae
2, 4-di-0-zne thy 1-D-galaotoso
2 ,6di0_methy1-D-galaOtOSe

3.92, 443

071

++++++•t-1-1 - +++

16.68, 17.59

0.47

+

0.50

++

031

+

9.40

2-0-methyl-D-galaCto Se
* Detected in solvent P

500 zug. of theSmith-degraded polysaccharide were dissolved
in 20 ml. of 0.5N sulphuric acid and heated for 9 hours at 1000 .
1 ml. aliquots were removed at hourly intervals, neutralised with
barium carbonate, delonised with IR-120 resin and examined chromato-

graphically in solvents A and C. Galactose and 3-0--D-
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galaotopyranoeyl-D-galactose (RGai 0.47 in solvent A, 0.54 in
After seven hours,
solvent C) were detected in all the aliquots.
only traces of the galactobiose

remained and hydrolysis of the

slower moving polymeric material was virtually complete. After
nine hours, the hydrolysate wasneutralised and evaporated to a
syrup which was examined in solvents A and C using heavily spotted
chromatograms. A trace component was observed corresponding to
6____ga1aotopyraflOsy1_Dala0t03e (EGa1 = 0.30 in solvent A,
0.39 in solvent C).

90ROHYR,E REUCTJ0N OF DEGRADED

ACACIA LAETA GUM

400 Mg. of sodium borobidride were added to 500 mg. of autohydrolysed A.laell gum (Sample 7) dissolved in 100 ml. of water.
The solution was allowed to stand for 24 hours at room temperature
and a further 100 mg. of sodium borohydride were then added.
After 6 hours the solution was dialysed against running water for
48 hours and then evaporated to dryness. The product was hydrolysed for 8 hours with lN sulphuric acid at iOO°, neutralised,
delonised and examined chromatographically in solvent B. Using
the periodate/permaflgaflate spray, there was detected a trace of
galactitol but no arabinitol.

CTRAL

S OF ACACIA LAETA GUM: D.ISCUSSION OF

t'(' TTT rnQ
J

Examination of a number of samples and single nodules of
A.laeta gum revealed variations in their composition and properties
No marked
that were otwith the limits of experimental error.

153 heterogeneity of the gum was detected by the fractionation methods
employed in this study.

On the basis of these findings it is

no1uded that A.laeta 6um is a heteropolymolecular (98) polysaccharide.
Total acid hydrolysis of the gum led to the isolation and

characterisation of L-rhamnose, L-arabinose and D-galactose. On
examination of the products of partial acid hydrolysis, the acidic
components of the gum, D-glucu.ronic acid and 4_0_xnethyl_DglucuroniO
acid, were characterised.

Amongst the partial acid hydrolysis

roduots, L-ribose and L-xylose were tentatively identified.

These

two monosaccharides cannot be considered as structurally significant
cornonenta of the gum since they were present in very small quantity
and may have been produced as artefacts at some stage of the partial
acid hydrolysis process.
Autohydrolysie of the gum produced the disaccharides 3-0-c-Daiactopyranosyl-L-arabinoee and 30-L-arabinopyranos.yL-L-arabiflO8e.

Autohydrolysis under very mild conditions produced the disaocharide 3_0_Larabinofuranosy1-L-arabiflo$e and a trisacoharide
tentatively identified as 0__L_arabinopyranosyl_(1_3)O_Larabifl0furanosyl-( 1-43 )-L-arabinose.

Partial acid hydrolysis of the gum produced the disaccharides
6-0--D- and 3_0__D_ga1actopyranosylD-ga1actoSe and a trisacoharide

tentatively identified as O_.D_gaiaotopyrax1o8yl_(i-6)_O_D_galaCtopyranosyl_(1—,6)-D-galactose.

Also detected was a galactotriose

fraction which contained both 13- and 1,6-linkages and may have
consisted of two or more trisaccharidee.
Two aldobiouronia acids were identified amongst the partial acid

- 154 hydrolysis products.
galaotoee and

These were 6_0_D-glucopyranurofloSyl-D-

6_0_0_(4_0_methyl_D_g1uCOpyraflUrOflO8/l)_D_ga1a0t08e.

Examination of the bydrolyei8 products of methylated A.laeta
gum showed that the major components were:Approximate amount

2,3 ,4-tri0-methy1-L-rhaIfln0Se
2,3 ,4tri-0-methyl-L-arSbiflO8e

+

2,3, 5tri-0-rnethyl-L-arabiflO8e
2 ,5-di-O-methyl-L-arabinose
2,3,4, 6-tetra-0-methy1-D--galaotose
2 9 3 ,4_tri_0_metkiylDgalaOtOSO

++

2,4 ,6-tri-0-me thy 1-D-galaotose
2, 4-di-0-me thy l-D-galactose
2-0-me thy l-D-galactose

++

2,3, 4_tri_O_methyl_DglUCurOfliC acid

+

2, 3_di_0_methylDglUOUr0fliC acid

+++

A trace component corresponding to 3.5_di0methyl-L-arabiflO8e
was detected by g.l.c. but could not be detected by paper chromatography.

Since it was present in very small quantity, it cannot be

oonidered structurally significant.

Since no oligoaaccharide$

containing 1,4-linkages were detected in the partial acid hydrolysis
products of the gum, it is probable that the 2_0_methylD-ga1aCtO8e
and the trace of

2,6_di_Q_nle thy l_D_galaotOse found in the methylated

gum were droduced as a result of incomplete methylation.

They

cannot therefore be considered to have any structural significance.
It has been noted (241 9 2779 278) that similar polysaccharides of the

- 155 arabinogalaotan type containing 10-1inked galactose units are
difficult to methylate completely.

The presence in the methylated

gum of a. trace of 2-0-methyl-L.-arabinose was also ascribed to undermethylation.

The lability of arabinose under the conditions of autohydrolysia
suggested that arabinofuranose end-groups were present in the gum.
The methylation evidence confirmed this and also revealed the presence
of arabinopyranose end-groups.

The presence of 2,5-di-O-methyl-L-

arabiriose and the absence of 2,4di_0methy1-L-arabiflOSe in the
methylated gum showed that all the 1,3-linked arabinose units were

in the furanose form.

Similarly, the methylation evidence showed

that all the rharnnose, galactose and glucuronic acid units In the
gum were in the pyranose form.
The methylation study and the results of autohydrolysis and
partial acid hydrolysis show the presence in A.laetal aUm of the
-.nits:following structural units

Non-reducing
end-fiEgo
Nori-redoingefl9

im
= rhamnose Ara = arabinose

Rhap 1—

jAh

Araf 1—

Gal = galactose

Arap 1—

P = pyranose

Gaip 1—
GpA 1— and/or 4-0-Me-GpA 1—
Non-terminal groups
- 1 Araf 3 -1 Gaip 3 — 1 Gaip 6 —1 GpA 4—

GA = glucuronic acid
f = furanose

156 -

Branch point
—i Gaip 36

Components

of—polysaccharide chains

Araf 1

3 Araf

Arap 1

3 Araf

Arapi

3Araf 1-3 Araf

aalp 1

0

Gaip 1

0

Gaip 1_B
alp 1
GpA 1

3 Araf
Galp

•

6 Gaip
6 Gaip I

b Gaip

6 Galp

4-0-14e-GpA 1

0

6 Ga1p

The lability of the arabinose-containing oligosacoharides
during autohydro1yis iidioates, in conjunction with the mothylation evidence, that they are present as non-reducing end-groups.
On the basis of the methylation evidence, it is possible, but not
certain, that some of the Gaip

1

3 Gaip and Gaip

1 - 6 Gaip

residues are present as non-reducing end-groups.
At least some of the rhamnose residues of seal gum are
attached to position 4 of the glucuronic acid residues (194).
By analogy, it may be postulated that the same structural feature
occurs in A.laeta gum, and so the presence is inferred of
Rhap 1---4 QpA as a non-reducing end-group. Calculation shows
that for 3.3 moles of uronic acid present in the gum there are
3.0 moles of rhamnose, and the rnethoxyl content is such that one

157 in eight of the uronio acid residues carries a ethoxy1 sub2tituent.
The approximate molar proportions of sugars present in the gum are
thus calculated to be:Galactose

24

Arabinose

12

Rhamnose

7

Glucuronic acid

7

4-0-Me-glucuronia acid

1

It is therefore possible that all the rharnnose in the gum is
1,4-linked to the glucuronic acid residues, and that the 2,3,4-tnOniethy1-D-glucuroniC acid in the methylated gum results from
methylation of the 4_0_methyl_D_gluourofliC acid end-groups.
Methylated autohydrolyeed A.laeta gum was found to contain the
following major components:Approximate amount
2,3,4 ,6_tetra_O_mathyl-D-galaCtoSe

+

2,3 ,4_tri_O_me thy 1-D-galactose

+

2,4 ,6_tri_0_methyl_D-galaotose

+

2, 4-di-0-nie thy 1-D-galacto se
2-0-me thy 1-D-galactose

+

2,3 ,4_tri_O_methyl_D-glUCUrOfliO acid

++

Autohydrolysis did not completely remove rhamnose and arabinose
from the gum and, as a result, all the components apart from the
traces of 39 5-di- and 20-methy1-L-arabiflo$e which were present
in the methylated whole gum were also found in the methylated
degraded gum, although in markedly different proiortioflS.

The
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presence in the methylated degraded gum of 2-0-rnethyl-D-galactose
and the trace of 2,6-di-O-methyl-D-galactose was ascribed, as in
the ease of the methylated whole gum, to incomplete inethylation.
The methylation results and, in particular, the kwedominance of
2,4_di_0methyl-D.ga1aOtO8e show that the autohydrolysed gum is
essentially a highly branched galactan containing 1,3- and 1,6linkages and having non-reducing end-groups of galactose and
gluouronie acid.

The increased proportion of 73,4-tri-0-methy1-

D-galactose in the methylated autohydrolysed u;m compared with the
methylated whole gum indicates that the labile arabinoseoontaifliflg
residues removed on autohydrolysis are predominantly 19 3-linked to
1.6-linked galactose residues of the whole gum.
Autohydrolysed gum is generally regarded as the stable 'core'
of a gum from which the majority of the labile peripheral sugar
residues have been removed.

In the case of A.senegal gum,it was

observed (2) that the molecular weight of the autohydrolysed gum
was much less than could be accounted for by the removal of labile
residues from the peripheries of the whole gum molecules.

It was

therefore postulated that, when present in the whole gum, the polysaccharide entities of autohydrolysed gum were interconnected by
labile arabinofuranose residues. Recently, however, it has been
shown (98) that the reducing end-groups of autohydrolysed A.senegal
gum must consist of galactose, since borohydride reduction followed
by hydrolysis of autohydrolysed A.senegal gum containing 2% arabinose
produced galactitol but no arabinitol.

In the present studi o when

the same procedure was applied to A.laeta gum that had been degraded
by autohydrolysis, the same result was obtained, indicating that

the reducing end-groups in this case also consist of galactose.
In earlier studies of Acacia gums, it was customary to postulate possible structures based upon a 'backbone' of galactose
units, despite the fact that the experimentul evidence was insufficient to warrant the attribution to the gum molecules of such a
degree of order. The application of the Barry degradation to whole
A.senegal gum (251) and of the Smith degradation to autohydrolysed
A.seriegal gum (255) produced, in each case, a product thought to be
a 1,3-linked galactan.

As the result of a recent study (265),

however, modifications have been proposed to the generally accepted
structural features of A,senegal gum owing to the detection of
2,4, _triOmethyl-.D-galaotOse in the methylated autohydrolysed um
and to the application of seven successive Smith degradations to the
whole gum. After the fifth of these degradations, methlation and
methanolysis of the resulting polysaocharide yielded 2,3,4,6-tetra-,
2,4 ,6-tri-, 2,3,4-tn- 9 2,6-di- and 2 ,4_diO-methl-D-galaOtose in
the approximate molar proportions 1:12:traoe:3:1.

The 2,6-di-0-

methyl-D-galaotose was assumed to have resulted from incomplete
methylation since the o- and 1,4-1inked galactobioses were absent
and, in addition, the degraded polysaccharide had proved difficult
to rnothylate.

These results showed that the polysaccharide obtained

after five successive Smith degradations of the gum had occasional
branch points and was therefore not simply a 1,3-linked galactan.
The presence of small amounts of 6_0__D_ga1actopyraflO8y1-D-ga1aC
tose in the partial acid hydrolysate of the degraded polysaccharide
ws further evidence of a branched structure.

This disaccharide

was also present in the Liartial acid hydrolysates of the
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polysaccharides obtained after the sixth and seventh successive
Smith degradations of the gum.

Three possible structures of the

galactan framework of A.senegal gum were proposed to account for
these results:A 'main chain' of01,3-linked galactose units to which short
side-chains of 01,3-linked galaotose units are attached b
1 ,6-linkagea.
A 'main chain' of p1,3-linked galactose unite in which are
occasional p1,6-linkages, the short side-chains in this case
being attached by 1,3linkages to the 1,6-linked 'main
chain' residues.
(a) A randomly branched structure of l,31inked galactose chains
with 3l,6 branch points.
It was inferred from this that the polrsaooharide entities
are more highly branched, and consequently more globular in shape,
than had previously been recognised.
In the present study, the Smith degradation procedure was
applied to autohydrolysed A.laeta gum that had been further hydrolysed with dilute acid until paper chromatography indicated complete
removal of the remaining arabinose and rhamnose residues. The
methylated Smith-degraded poijeaceharide was found to contain:Approximate amount
2,3,4 ,6_tetra_O_methylDgalaCtOSe

+

2,3 ,4_tri_0_methyl_D_galaotOse

trace

2,3 ,6tri0-inethl-D-ga1aOto$e

trace

2,4 ,6_tri_Q_rnethyl_D_galaotOSe
2 ,4-di-O-Dlethyl-D-galaCtOse

+
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Approximate amount

2 ,6-di-O-me thy 1-D-galaotose

+1

2-0-uia thyl-D-galaotose

+

The presence of 2,3,6-tri--, 2,6-di- and 2-0-methyl-D-galaOtose
in the methylated Smith-degraded gum wi_s uscribed to undermethylation
at the 4-position of certain g1aotose residues.

On partial acid

hydrolysis, the Smith-degraded polysaccharide yielded galactose, 3-0- and a trace of 6_0__D_ga1aotopjranoSy1D-ga1aOtOSe.

No 1,4-

linked galactobioses were detected in the hydrolè'sate. In addition,
the absence of threitol from the Smith degradation products confirmed
the absence of 1,4-1inaes.

These results reveal a close sirnhlarit

between the inner galactan frameworks of A.senegal gum and A.laeta
gum.

The three possible structures postulated in the case of .

senegal gum (265) are thus possible structures of the galuotan framework of A.laeta gum.

Both gums, therefore, contain branched gaiacta

frameworks that are essentially 01 9 3-linked except at the branch
points where 1,6-linkages are also involved.

To these frameworks

are attached the uronic acid residues and the labile fragments that
are largely removed by autohydroijais.

In addition, the results of

partial acid hydrolysis and the analysis of methylated A.laeta gum
showed that the structural features of A.laeta gum are the same as
those found (265) in A.senegal gum.

The onid structural variations

between the two gums arise from differing relative proportions of

the various linkages and structural units.

This is due to:-

The different proportions of the same sugar units in the gam, and
The existence in sli,-jitlj different proportions in the two gums
of the tpes of linkage incor.,,orc-,,tin6 each of the different
sugars into the gm molec.A1e3.
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A

posaible structural fragment of A.senea1 cam (265) is

shown in Figure 1.

This requires only

a

.1iEht modification to

represent A.lLeta gum - the inclusion in one or more of theperi-

pheral chains of an additional 1,6-linked galuctose unit.

This

would account !or the 1,6-linked gulactotriose found on partial

,aid hidroljsis of A.laeta gum.
It may be concluded that A.lnetal 6um bears a marked resemblance to A.seneal gum in properties, composition and structure.
The only characteristic difierence between the two gums is the

ability 01 A.leta gum to form
solution.

a

stiff gel in concentrated aqueous

On the basis of the available evidence, no explanation

of this difference can be proposed.
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1.

Comparative analytical study of A.laeta gum
There were found variations in composition and properties

of gum samples and single nodules that were outwith the
limits of experimental error.
Considerably less variation was found in sin1e nodules
from the same tree than in bulk samples from different
trees.

The only consistent variation in composition or properties

of different crops of gum from the same tree was an
increase in nitrogen content with successive crops.
A marked similarity in composition and properties was
found between the gums of A.laeta und A.aenegal.
2.

Fractionation of Acacia gums
Graded addition of ethanol resulted in fractionation with
respect to molecular size but not with respect to the
uronic anhydride or nitrogen content of the gums.

Precipitation with long-chain salts indicated that the gum
did not contain widely differing acidic molecular species.
a.

Chromatography of Acacia gums on DAE-0ellu1oae
indicated that widely differing molecular species
were not present in the gums.

b. The elution patterns of the gums were not sufliciently
dissimilar to provide a means of identifying different species of Acacia gum.
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Variation of the eluant pH showed that, using a
phosphate buffer, the maximum amount of ion-exchange
between A.laeta gum and DFAE-0e11UlOse occurred at
pH 4.25.
In addition to ionic bonding, the adsorption of
Acacia gums on DAE-cellulose is partially due to

secondary adsorption effects such as hydrogen bonding.
The production of a 'sodium hydroxide fraction'
depended on the grade of DEA-oellulose used and not
on the retention of insoluble aggregates of gum by
the exchanger or, within the limits investigated, on
the load of polysaccharide applied to the exchanger
column.
Any polysaccharide remaining on the exchanger after
elution with a phosphate buffer was apparently bound

to the exchanger primarily by hydrogen bonding.
It was found that displacement effects probably did
not occur in the D8 E-cellulose chromatography of
Acacia gurus.
,-..- eta and A.seneel were found to be
The gums of A.1.
markedly similar in their chromatographic behaviour.
1. On the evidence available, it was concluded that
Acacia gums are heteropolymoleoular.
3.

Struoturl naljsis of A.laett gum
Structural analysis of a typical sample of i.la5ta gum

showed it to contain the same linkages and structural
units s .senegal gum.
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