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GENERAL INTRODUCTION




Introduction

The soybean (Glycine maex), first referred to in the
Chinese materia medica written over L,500 years ago, is a
staple food of the Orient where it has been cultivated
for thousands of years.

The seed was introduced into the United States of
America at the beginning of the 20th century, and from that
time the rapid expansion in its cultivation has made
America the world's leading producer and exporter of this
important oilseed crop.

The readily extractable o0il is used in the food, paint
and printing ink industries. The meal which is primarily
used as a cattle feed also makes a high-protein flour, a
sauce, a vegetable milk and a type of cheese; more modefn

aprlications are adhesives, plastics and textile fibre.
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Extensive studies have been made on the oil (1), protein
(2), and amino acid (3) content of the soybean but little is
known of the detailed chemistry of the carbohydrate componentss

According to Kawamura, defatted and dehulled soybeans
contain 7.L467 sugars (L) consisting of sucrose, raffinose and
stachyose (5). Verbascose, a galactosylstachyose, has been
reported (6,7) as a component part of the ungerminated ceed.

Studies on the evolution of galactosides during formation
and germination of the seeds have shown (7) that the total
galactosides congisting of raffinose, stachyose and verbascose
are the last carbohydrates to be formed in the seed and the
first to be utilised as nutrient to the young seedlings. of
the constituent units from the oligesaccharides, D-fructose and
Erglucose were readily detectable in extracts from the
germinating bean but only traces of galactose could be found.
This observation was interpreted to indicate a rapid utilisation
of the galactose moiety from the oligosaccharides during the
process of germination (8). Chromatographic examination of the
glycosidic extracts of the petioles, stems and roots of the bean
indicated (9) that maltose was an important glycosidic constituent
of the growing plant.

VMaclMasters (10) determined the percentage of sugarse present
in a variety of soybeans and found that plants of the same
variety grown under different conditions often show distinct
variations in chemical constituents; also the plants of the

same species but of different varieties exhibit even greater
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variation. The total sugar content of the bean was shown to
decrease with increasing maturity, from a value of about 20%
sugar content in the green bean to under 10/ in the mature
bean, Several polysaccharide fractions were isoclated, all
of which gave on hydrolysis galactose, arabinose and
galacturonic acid. The polysaccharides of the soybean were
therefore congidered to be a mixture of galacto-arabans
containing galacturonic acid.

Starch has been reported in the mature bean in amounts
varying from none to 6% (10), but it appears that formation
of this polysaccharide increases rapidly during the process
of germination (11)s The efiect of temperature, during
germination, on the crystalline structure of starch granules
in soybean seedlings has been studied (12). The results
showed that the crystalline type of the starch obtained from
the cotyledone and hypocotyls varied greatly with the tempera-
ture at which germination took place. A transition series
from the B-type (found mainly in tuber starches) to one very
similar to the A-type (found mainly in cereal starches) was
obtained with elevation of the germination temperature. No
difference could be observed in the crystalline type of the
starch in the cotyledons and hypocotyls of the same seedlings.

Kawamura has reported (13) that treatment of the soybean
meal with 0,2% sodium hydroxide effectively solubilises most
of the protein and all of the sugars present. A polysaccharide,

coneisting of arabinose, xylose, galactose and galacturonic acid
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units, has been isolated (1L) from the hot-water extracts of
alkali-pretreated meal. Also a number of polysaccharides
have been isolated from soybean meal by successive extractions
with water, C.5% ammonium oxalate, and O.2, 5, and 15% sodium
hydroxide solutions (15). The following sugars have been
characterised as hydrolysie products of the alkali extracted
hemicelluloses, ;‘-f‘ucose, g—rhamnose, D-xylose, é—arabinoae »
grgalactose and grgalacturonic acid, but the structural
significance of these polysaccharide constituents has not yet
been acsessed,

Studies of the detailed structure of the polysacchérides
of soybeans have been confined to two components oif the hulls,
namely a galactomannan (16) and a hemicellulose component of
the xylan group (18)« Vhistler and Saarnio (16) extracted
soybean hulls with water at LO® and by precipitation with
ethanol a galactomannan was obtained in 27 yield. The poly-
saccharide, which was purified by copper complexing with
Fehling's solution, was composed of D-galactose and D-mannose
in a ratio of 2.1 : 3. Hydrolysis of the fully methylated
derivative yielded 2,3,h,6—tetra—grmethyl-grgalactose (2 moles),
253,6-tri=Q-methyl-D-mannose (1 mole) and 2,3-di-Q-mothyl-D-
mannoge (2 moles), which were characterised as crystalline
derivatives, These results showed that g-galactopyranpse
residues were present exclusively as non-reducing end groups
and that D-mannopyranose residues were involved in (1—>L)

linkages, many of these units also providing branching points
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through Cge. Periodate oxidation studies provided additional
evidence for the proposed structure (I, n = 1) which conforms
to the general type of structure (I) of galactomannans isolated

from leguminous plants (17).

1

| '
6 6
-h-B-_g_-HanB1 -[h-B-g-Man_;p ] n-ls-ﬂ -g-&!an_;l e
(1)

a~-D-Galp a=D-Galp
-1

Preliminary results of an investigation of soybean hemi-
cellulose have been reported by Whistler and Sanella (18).
Soybean hull holocellulose was extracted with 10% acueous
potassium hydroxide and on neutralisation of the alkaline
extracts with acetic acid a hemicellulose A fraction was
precipitated in 117 yield. By the addition of ethanol (3 vol.)
a further hemicellulose B fraction was isolated and purified by
aleohol fractionation to give an electrophoretically homogeneous
polysaccharide consisting of a glucuronic acid, grqyloae, Ef
arabinose, g;galactoae and g-glucose moieties. An aldobiouronic
acid was separated from the partial acid hydrolysate of this
polysaccharide and characterised as 2-0=-(l=Q-methyl-a-D-
glucopyranosyluronic acid)-D-xylose by the formation of its
cryetalline acetyl derivative.

The cleavage products from the fully methylated poly-
saccharide included 2-Q-methyl-D-xylose, 2y3=di-0=-methyl-D-xylose,
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2y3-di-g~methyl-D-glucose, 2,3,L,6-tetra-Q-methyl-D-galactose
and 2,3,5-tri-0-methyl-L-arabinose and 2,3,L-tri-0-methyl-D-
xylose in the ratio of 24 3 240 ¢ 145 ¢ 145 ¢ 140s These
results indicated that the polysaccharide was branched with
g-galac:mpyranose, g-arabinofuranose and g—xympyranose units
occupying non-reducing terminal positions with.g-xylopyranoea
and g—glucOPyranose units constituting points of branching.

It is probable that this polysaccharide is a member of the
xylan group of polysaccharides (19), but the detailed structure

remains to be fully established.

The aim of the present research is to assesc the quantities
and nature of the polysaccharide constituents of soybeans in
order to obtain basic information that may help to improve the

processing of soybean products for food and feedss
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Geners ) mothods of iuvestigation

Paper chromatography was carried out on Whatman No. 1
filter paper using the following solvent systems (v/v):=
A) Ethyl acetate - ascetic acid - formic acid - water (18:3:1:l)
B) Ethyl acetate - pyridine - water (10:L:3)
¢) Ethyl acetate - acetic acid - formic acid - water (18:8:3:9)
D) Butan-i-ol - benzene - pyridine - water (5:1:3:3)
E) Butan-i1=-0l - ethancl - water (L:1:1)
F) Butan-?-one - 1igﬁt petroleun (bepe 100-120°) (9:1, half
saturated with water)
G) Butan-i-0l - ethanol - water (1:1:1)
H) Butan-1-0l - ethanol - water (L:1:5), upper layer
I) Butan=2eae - acetic acid - water (9:1:1, saturated with

boric acid)

J) Butan-2-one - water - ammonia (200:17:1)

Except where otherwise stated chromatograms were run with
standard sugars for comparison, air-dried and sprayed with the

appropriaste reasgent.

omato garents.

(a) p- ine hloride (20) as a 270 solution in

butan-i-0l, was the reagent normally employed to detect

reducing sugarse.

(b) Silver nitrate reagent (21), was used to detect reducing

sugars and glycitols.
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(e) Aniline Oxslate, as & saturated agueous solution, was

used to detect some methylated reducing sugarse.

(a) Periodate/Permangenate reagent (22) was also employed

to detect reducing sugars and glycitols.
(e) Hydroxylami ferric chloride reagent (23) was used

to detect esters and lactones of sugars.

The symbol Rx is used to describe the moblility of a sugar
with respect to sugar X on paper chromatograms in the given

solvent.

The abbreviation Mg refers to the ionophoretic migration
of the sugar with respect to g-glucose in borate buffer,
correction being made for electro-endosmotic flow by incorporating
a standard of 2,3,h,6-tetra-gymethy1~g-glucose. Similarly Mg
refers to the ionophoretic migration of the polyhydroxy compound
with respect to sorbitol in molybdate buffer, correction being

made for electro-endosmotic flow by incorporating a standard of

glycerol.
Paper ionophoresig wes carried out on Whatman No. 1 filter paper

in borate buffer at pH 10 (24) or molybdate buffer at pH 5 (25).
A potential of 350 v was applied over a period of 5=7 hours.

The ionophoretograms run in borate buffer were dried and sprayed
with a 2% p-anisidine hydrochloride - butan-i-ol solution

containing 5% glacial acetic acid, and those run in molybdate
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buffer were developed with silver nitrate reagent.

Whatman 3MWM paper sheete, prewashed with water, were used

for chromatogrsphic fractionation of sugar mixtures.

The cellulose was dry packed and washed with water and
butan=-1-0l before applying the solvent to be used for the

separation of the methylated sugarse.

Charcoal-Ce ol 27 )

Absorption chromatography on charcoal-Celite mixtures (1:1)
was enmployed to fractioconate mixtures of monosaccharides and
oligosaccharides. Activated B.D.H. charcoal was washed with
boiling distilled water until free from acid., Celite 5L5 was
washed with 507 aqueous hydrochloric acid, filtered , and washed
with distilled water until chloride frec. The mixture of equal
weights of charcoal and Celite was packed as a water slurry into
- ecolumns and allowed to settle under gravitye. Before use the
columns were washed with aqueous ethanol and then water. The
sugar mixture was allowed to absorb on the column overnight
before stepwise or gradient elution with water and water-cthanol

mixtures. Fractions were collected automatically and examined
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by paper chromatography.

Squat charcoal columns (28).

These columne were used for a rapid separation of mixtures
of monosaccharides from oligosaccharides. An aqueous slurry
of paper pulp was poured into a Buchner funnel to form a
cellulose disc (1 em. thick) on top of which the charcoal was
applied as an aqueous slurry. The sugar mixture was apolied
to the column 3 the monosaccharides were eluted with water
and then the oligosaccharides were eluted with water containing

357 ethanole

- u o) 29) .

This anion exchange cellulose was employed for the
chromatographic fractionation of polysaccharide mixtures.
Diethylaminoethylcellulose was washed alternately with 0.5 L=
hydrochloric acid and 0.5 g - sodium hydroxide three times,
the turbid supernatant being decanted off each time. The
cellulose was then washed with dietilled water until free from
alkali, A perforated disc was placed at the bottom of the
column, then a layer of glass wool, a 1 cm. layer of silver
sand and finally a 1 em. layer of acid-washed Celite. The
cellulose was added to the column as s water slurry and packed
by the application of slight air pressure. Generation of the

celliulose in the phosphate form was performed by eluting the
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column with 0.5 g,— sodium dihydrogen phosphate buffer at

pH 6 (2 1.) and then equilibrating it with 0.005 i = sodium
dihydrogen phosphate buffer solution (1 1.). The borate
form of the cellulose was obtained by elution with o.zjg -
sodium borate (2 l.) and subsequent equilibration with water
(2 1.). The cellulose was generated in the acetate form (30)
with 0.2 i - sodium acetate (2 1.) and washing free the excess
acetate with water (2 1.). Tﬁe peclysaccharide mixture was
applied to the column as an equeous solution and was abeorbed
on the column overnight. The elution pattern was followed by
analysing the fractions by the phenol-sulphuric acid (36) and

carbazole methods (37).

-5 -2

This anion exchange cross-linked dextran was employed to
fractionate mixtures of acidic oligosaccharides. The DEAE=~
Sephadex was allowed to swell in an excess of water and washed
on a filter with 0.5 g - hydrochloric acid, 0.5 ;J: - sodium
hydroxide and finally with water. The Seprhadex was added to
the column as a slurry in 0.5 ﬁ - formic acid and washed free
from excess formic acid with water (3 l.)e The sugar mixture,
as an aqueous solution, was applied to the column and allowed
to stand overnight. Neutral sugars were eluted with water
and acidic sugars were eluted with formic acid of increasing
strengthe. Fractions were collected automatically and examined

chromatographically.
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E Q o) were carried out under reduced pressure at or

below LO°,

Optical rotationg were observed at 18° 3 2°.

lelting-points were determined either in capillary tubes

or by using a Kofler hot-stage microscope.

8 ~-scale CER

Samples of polysaccharides (5-10 mg.) and oligosaccharides
(1=3 mge) were totally hydrolysed by heating with N-sulphuric
acid (1 - 2 ml.) at 100° for 12 hr. and 3 hr. respectively.

The solutions were neutralised with barium carbonate, filtered,
the barium ions removed with Amberlite IR-120 (H) resin and the
solutions concentrated.

Samples of oligosaccharides (1-3 mg.) were partially
hydrolysed by heating with O«1 N - sulphuric acid (1 mls) at
100° for 1 = 6 hr, The hydrolysates of neutral oligosaccharides
were neutralised directly with Amberlite IR-L5 (OH) resin,

otherwise the hydrolysates were treated as described above.

g were carried out by

shaking the oligosaccharide (0.5 - 2.0 mg.) with methyl iodide
(0e? mle), dimethylformamide (0.2 ml.) and silver oxide (0.2 g.)

at room temperature in the dark for 18 hr. (31). The mixture
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was filtered and the residue was washed with chloroform. The
combined filtrate and washings were evaporated to dryness under
0.03 mm. pressure at room temperature. The methylated oligo-
saccharides were refluxed in 3% methanolic hydrogen chloride

for 10 hr., the solution treated with silver carbonate, filtered,
evaporated and the resulting methyl glycosides analysed by gas-

Jiquid partition chromatography.

Gas~Liquid Partition Chromatography (32),

This was carried out using a 'Pye Argon Chromatograph'

according to the procedure of Bishop and Cooper (33). Separations
wvere made on the following columns (120 x 0.5 cm.) at gas flow
rates of 80 - 100 ml./min. : a) 15% by weight of butan-1,i-diol
guccinate polyester on dichloro-dimethyl-silane treated Celite

(80 = 100 mesh) at 175°, b) 10% by weight of polychenyl ether
[m-bis~-(m~phenoxyphenoxy)benzene] on dichloro-dimethyl-silane
treated Celitelat 200° . The methyl g-methyl glycosides were
identified by comparing their retention times (I), relative to
methy1-2,3,h,6-tetra-grmethyl-ﬁ-g;glucopyranoside, with those

of authentic samples run under the same conditions.

Methoxyl content was determined by the semi-micro Zelsel method
(3h)o
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Demethylations (35).

The sugar derivative (1-10 mg.) was dissolved or suspended
in dry purified methylene chloride (1-2 ml.) and cooled in
liquid nitrogen. Boron trichloride (1-2 g.) coocled in the
same way was added. The mixture was kept at -80° for 30 min.,
allowed to warm to room temperature and kept for 16 hr. under
anhydrous conditions. Any solvent or boron trichloride was
removed under reduced prescsure at room temperature. Boric

acid was removed by repeated evaporations with methanol.

Nitrogen estimations were carried out by the micro-Kjeldhal
method.

E rars
a) P - method .
The sugar content was calculated using a standard curve

based on D~-galactose.

b) Carbazole method (37).

The uronic anhydride content was calculated using a

standard curve based on grgalacturonic acid.

¢) Decarboxylation method (38).

This method was found to be more accurate than the
carbazole method for determining the uronic anhydride content

of polysaccharides.
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d) L-Cysteine hydrochlopide method (30}

The rhamnose content of oligosaccharides was determined

by using this method.

The uptake of sodium metaperiodate was followed spectro-

photometrically at 222.5 mp (LO) »

Borohydride reductions were performed by addition of excess

potassium borohydride to an aqueous solution of the sugar, and
allowing the solution to stand for 2L hr. Excess borohydride
was destroyed and potassium ions removed by the addition of
Amberlite IR-120 (H) resin. The solution was filtered,
evaporated and the residual boric acid removed by repeated

evaporations with methanol.

Apiline derivatives of methylated sugars were prepared by
refluxing the sugars (5-15 mg.) with equimolar amounts of freshly

distilled aniline in dry ethanol (5=-10 ml.)e. The reaction was
performed in the dark for a period of about 30 min. Removal
of the solvent left syrups which crystallised and were

recrystallised from various solvents.
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Aldonolactones of methylated sugars were prepared by oxidation
with bromine water. The methylated sugar (5-10 mg.) was
dissolved in water (2-3 ml.), bromine (10-20 drops) was added,
and this mixture kept in the dark at room temperature for three
dayse Excess bromine was removed by aeration and the scolution
neutralised with silver carbonate, filtered, and evaporated to
drynesse. The residue was extracted with ether and the lactone

crystallised by slow evaporation of the ethereal solution.

p-Nitrobenzoate derivative (li1).

The methylated sugar (50 mg.) was dissolved in dry pyridine
(6 ml.) and treated with p-nitrobenzoyl chloride (200 mge.) for
30 min. at 65=70%. After leaving overnight at room temperature
a saturated solution of sodium bicarbonate was added dropwise
to the reaction mixture until no further effervescence occurred.
Water (5 ml.) wae added, and the product extracted with
chloroform. The extracts were dried over anhydrous sodium
sulphatey filtered, and evaporated to small volume, Addition
of light petroleum induced crystallisation of the derivative,

which was removed by filtration and recrystallised from methanol.

P f 0 an g for column chromatography and
for reactions, where specified, were effected by the methods

described in the literature (L2).



SECTION I




SECTION I

DISCUSSION




17.

Galactomannans represent a group of important plant
mucilages which occur in the secds of many plants, particularly
the legumes, amounting in some cases to more than LO% of the
total seed. They usually occur as mucilages in the endosperm
of the seeds from which they may be isolated by extraction with
water (L3). Their function in the secd appears to be as food
reserve polysaccharides since it is known (LL) that when the
seeds germinate both the mucilage and the endosperm disappear.
Galactomannans, which are readily dispersible in water to
produce stable solutions of very high viscosity are widely used
as thickening and binding agents in the textile, food and paper
industries.

Solutions of galactomannens gel in the presence of sodium
tetraborate (borax) (L5), and alkaline copper salt solutions
(L6) o This complexing ability appears to be due to the cis
adjacent hydroxyl groups at Cp and Cz in the ;;g;fh;esidues.
Croes linkages are formed if the anion B(OH)4 (47) or Cu(OH)s ™~
(L4L8) complexes two adjacent molecular chains leading to the
formation of a three dimensional network of didiol - complexes
which in turn results in gel formation.

Whistler and Saarnio (16) have shown that soybean hulls
contain a galactomannan which may be isolated with cold water,
and from methylation studies a structure similar to that of
guaran (49) has been proposed. As this research programme was
part of an extensive investigation of the polysaccharidesof

soybeans, the galactomannan fraction from the hulls has been



18.

studied in greater detail.

Soybean hulls were extracted with acetone, light petroleum
and 807 aqueous ethanol to remove lipids, colouring matter and
soluble sugars. The extractive-free hulls were extracted with
water st room temperature to give a mixture of polysaccharides,
and by subsequent extraction of the hulls with water at 60° a
second polysaccharide mixture was obtained. Diethylaminocethyl-
cellulose chromatogrsphy of the hot water extracted material
indicated the presence in the mixture, of a neutral galacto-
mannan and an acidic polysaccﬁaride fraction which on hydrolysis
gave galacturonic acid, galactose, mannose, arabinose, xylose,
fucose, rhamnose and two methylated sugars having the
chromatographic mobilities of ?=-0-methylxylose and 2=0-methylfucose.

The mixtures of polysaccharides isolated from the cold and
hot water extracts were fractionated on a large-scale with
aqueous cupric acetate (50) which precipitated the contaminating
acidic polysaccharides as their insoluble copoer salts, and from
the resulting supernatant solutions the galactomannan fractions
were recovered by precipitation with ethanol. The copper=
polysaccharide complexes were decomposed by treatment with
ethanolic hydrogen chloride and the polysaccharides dried by
solvent exchange.

Galactomannan I, [a], + 68°, from the cold water extract,
gave on hydrolysis, galactose and mannose in the molar ratio
of 1:1.l44 GCalactomannan II, [a.]D + 26.5°, from the hot water

extrect, contained galactose and manncse in the molar proportion
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of 1:2.35, The formation of trace amounts of other sugars
was shown to arise from slight contamination with acidic
polysaccharides since pure galactomannans could be obtained
after chromatography on diethylaminoethylcellulose.

Galactomannan I was methylzated with methyl sulphate and
sodium hydroxide followed by silver oxide and methyl iodide
to yleld methylated galactomannan which was fractionated by
dissolution in light petroleum~chloroform mixtures, snd shown
to be essentially homogeneous.

Hydrolysis of methylated galactomannan I, [a.]D + 56°,
with sulphuric acid (51) gave as the main cleavage products,
2434l4,6-tetra-Q-methyl-D-galactose, and 2,3,6-tri- and 2,3-di-
Q-methyl-D-mannose, together with emall amounts of 2,3,l,6~tetra
-0-methyl-D-mannose and 2,3,6=, 2,L4,6=, and 2,3,L-tri-0-methyl-
g-galactose, and traces of other sugars which were probably of
little structural significance.

Galactomannan II and galactomannan II g (from chromatography
on diethylaminoethylcellulose) were methylated as described for
galactomannan I and gave methylated derivatives having [a.]D * 12%,
These methylated polysaccharides were not examined in detail but
gas chromatography of the methyl glycosides formed on methanolysis
showed the main cleavage products to be qualitatively similar to
those from methylated galactomannan I. Quantitative paper
chromatographic estimation (52) of the main hydrolysie products
of methylated galactomannans I and II showed the formation of

tetra-O-methylgalactose, tri- and di-O-methylmannose in the molar
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ratios of 2¢3 : 140 3 241 and 1.0 1483 3 1.0 respectively.
Methylated galactomannan I contained galactose and mannose
residuee in the same proportione as in the parent polysaccharide.
Methylated galactomannan II however, contained a lower propor-
tion of the galactose residues (as its corresponding methylated
derivative) than in the parent polysaccharide, and it is
probable that some inadvertent fractionation had occurred during
the formation of the methylated derivative so that it was not
quantitatively representative of the starting material,

The methylation data indicated that the structures of
galactomannans I and II were based upon a chain of (1—>l)=-
linkeﬂ.grmannOpyranose units and to Cg of some of these were
attached.grgalactopyranoae residuess The small amount of
tetra-grmethyl—gfmannose in the cleavage products probably arose
from end group erannose units terminating the main chain. The
trimethyl ethers of galactose could have srisen from a small
proportion of galactose side chains, or from the presence of
a minor polysaccharide contaminant, or more probably from
demethylation of the tetra-O-methylgalactose during hydrolysis
of the methylated galactomannan. The occurrence of 2,3,6=tri-
grmethyl-g-galactose as a hydrolysis fragment of the methylated
derivative of the galactomannan from the green palmyra palm nut
(53) was attributed to demethylation of the tetra-Q-methyl-
galactose,

Periodate oxidation studies provided additional support to

the above formulation. Galactomannan I on oxidation with
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sodium metaperiodate consumed 1.2 mole (theory required

1.1t mole) of periodate per hexose unit and liberated 0.34 mole
(theory required O.h4 mole) of formic acid per sugar residue.
Galactomannan II on pericdate oxidation consumed 1.1 mole
(theory required 1.3 mole) of periodate per hexose unit with

a corresponding release of 0427 mole (theory required 0.3 mole)
of formic acld per sugar residue.

Galactomannane I and II were oxidised with sodium meta-
periodate and the resulting polyaldehydes were reduced with
potassium borohydride to the corresponding polyalecohols which
were hydrolysed with dilute mineral acid at room temperature,
thereby cleaving the acetal linkages and lecaving the glycosidic
bonds intact (54). The resulting hydrolysates contained
substantial amounts of glycerol and erythritol, originating
from the non-reducing terminal units and the (1—»L)-linked
mannose residues respectively, together with a non-reducing
component in approximately O.5% yield which gave on hydrolysis
mannose and erythritol. The isolation of this component was
unexpected since the methylation studies had indicated that
all the mannose residues possessed free hydroxyl groups on
adjacent carbon atome C, and Cs. Incomplete periodate
oxidation has, however, been encountered in other galactomannan
studies (55) where the hydroxyl groups at Cz and Cz of the
mannose residues were known to be unsubstituted.

The anomerlic configuration of the sugar units in the

galactomannan molecule have been determined by the isolation
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and characterisation of oligosaccharide fragments which were
obtained from partial depolymerisation of the polysaccharides.

An investigation on the various methods of partially
depolymerising the galactomannan isolated from carob gum (Qreyoria)
indicated that of the following methods 1) mineral acid partial
hydrolysis, 2) graded formolysis and 3) graded acetolysis, the
latter afforded the maximum yield of oligosaccharide fragments.

Galactomannans I and II were therefore subjected to graded
acetolysis (56) with acetic anhydride, acetic acid and concen-
trated sulphuric acid (10 ¢ 10 : 1, v/v) and the resulting
acetates were deacetylated by treatment with barium methoxide
(57) The two galactomannans furnished chromatographically
similar mixtures of mono- and oligosaccharides which were
combined and fractionated by chromatography on charcoal-Celite
followed, where necessary, by partition chromatography on
cellulose filter sheets.

The following crystalline oligosaccharides were characterised
by comparison with authentic specimens:- G-Qfa-g—galactOpyranosyl
-D-mannose, h-g-B—E-mannopyranosyl-g-mannoae » and the polymer-—
homologoug mannotriose, mannotetraose, and mannopentaose.

Although g-o.-g-galactopyranosyl-( 1=+ 6)~Q-p=-D-mannopyranosyl-
(1-—*&)-2;mannose was not isolated in a ecrystalline form, the
trisaccharide was recognised by paper chromatography of 6-0-u
_B-Qalactopyranoayl—&—mamoae and h—_o_—;a-g-mannopyranosyl-g-mannose
ae partial hydrolysis products and by gas chromatography of methyl
glycosides' of 2,3,4,6-tetra-Q-methyl-D-galactose, and 2,3,L4- and
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2,3,6-tri-g-methy1-g-mannose as cleavage products of the
methylated derivative.

It is unlikely that small quantities of other oligosaccharides
encountered represent fragments of the main galactomannan molecule.
Thus 6-_G_-ﬁ—g-galactopyranosy1-g-g,alactose probably originated
from a small proportion of polysaccharide contaminant, and the
following two series of oligosaccharides were probably formed
as artefacts. lt—g-B-g-Hannopyranosyl-g-glucose and Q-a-g—
mannopyranosy l=(i=——»1.) —g—ﬁ—g-mannOpyranosyl—( 1=—>1) -D-glucose
were probably formed by epimerisation during the process of
deacetylation, since glucose was not detected as a2 constituent
of the polysaccharide. h-g-o.-_g-?ﬂannopyranosyl-g—mannose and
Q-a=D-nannopyrancsyl-(1=—>1.) -Quﬁ-g-mannopyranosyl-( 1=>1)-D-
mannose were probably formed from the scid-catalysed anomerisation
(58) of B-g—-mannopyranose residues during ascetolysis as
demonstrated previously in control experimente (56).

The isolation and identification of the main oligosaccharide
fragments have shown that the terminal D-galactopyranose units
were Joined by (1= 6)-a=-glycosidic links to a chain of D~
mennopyranose units united by links of the (1=—+l)-B=type, and
thus the structures of galactomannans I and II conform to the
general structure I which can be formulated for the majority

of galactomannans found in the plant kingdom.

a-D-Galp “"_2"‘31812
1 S
} |
6 6
~l=B=D=Manp!-[-4=p-D~Hanpi~] -L-B-D-lanpi-

I
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Thie structure with single unit side chains of g-galactoae
residues was in agreement with the findings of Palmer and
Ballantyne (59) who investigated guaran using X-ray diffraction
methods.

The isolation of the polymer-homologous series of (1=—wl)
-B=linked mannose units up to mannopentaose tended to favour
structures with a random distribution of galactose side units
along a polymannose chain but it had been shown (53) that the
(1=>5)=-a~-linkage between the galactose and mannose residues
was much more sensitive to ascid attack than the (1~»lL)-8-
mannosidic linkage, thus it would be possible to obtain these
oligosaccharide fragments from depolymerisation of a highly
ramified regular structure by cleavage of the galactose linkages.

Galactomannans I and II were therefore structurally similar
polysaccharides differing only in the degree of substitution
of R-Qalactose residues along the grmannose backbone. It is
noteworthy that subsequent extraction of soybean hulls with
alkaline borate solutions furnished a small quantity of a further
galactomannan which gave galactose and mennose on hydrolysis in
the molar ratio of 1 ¢ 12 (60). It is therefore possible that
the isolation of the galactomannan fractions was arbitrary
fractionation of a continuous spectrum of closely related
galactomannans which contained varying proportions of galactose
residues, or the fractions resulted from & definite discontinuity
in the proportions of the two sugar units in structurally similar

polysaccharides.
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Hui and Neukom (61) have investigated the physical
properties of guaran from guar seed (62) and locust bean gum
from the carob tree (63). The latter was shown to be a mixture
of galactomannans, with differing molecular ratios of galactose
and mennose, which could be fractionated by dissolution in
water. The polymer containing the higher percentage of
galactose was found to be more soluble in water due, the authors
suggested, to the galactose side units preventing association
of the mannan chains,. Guaran appeared to be an essentially
homogeneous galactomannan. Barry and Halsey (6L4) have
demonstrated that the galactomannan polymer exists in agueous
solution as large aggregates held by random intermolecular
hydrogen bonds which can readily be dissociated by elevating
the temperature or adding hydrogen bonding agents such as alkali
or urea.

Structural studies of galactomannans have largely been
confined to the examination of the methyl ethers produced on
hydrolysis of the fully methylated polysaccharides. The following
table I shows the data derived from the literature and includes
the results obtained from the examination of the galactomannans

isolated from soybean hulls.
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The isolation and identification of h-g—a-g—mannOPyranoayl
-g—mannose, G-Q—u.-g—galactoPyranoayl-g-mannose, Q_-o.-—_g_-galacto-
pyranosyl=(1==6)-0=3-D-mannopyranosyl=(1=—+Uu) -D-mannose end
g-ﬁ.g-mannopyranoayl-( 1=+ ) =0=-B=D-mannopyranosyl-(1=—>U) ~D~
mennose from the hydrolysates of partially depolymerised guar
(72), green palmyra palm nut (53), lucerne and fenugreek (73)
galactomannans have further substantiated their structures as
being similar to the general structure I.

The galactomannans isolated from coconut kernel (68),
from lucerne seeds with hot 107% agueous potassium hydroxide (69)
and from the seeds of the tropical plant Leucaena glauca (70),
differ in some respects to the general formulation for galacto=-
mannans found in the plant kingdom.

A unique galactomannan has been isolated from the water-
soluble polysaccharides of the dermatophyte Trichophyton
granulosum (71). Methylation studies have shown that it
possessed 2 highly ramified structure with a main chain of egual
numbers of (1==2)~ and (1—>6)~-linked D-mannopyranose units
some of which were doubly substituted at positions 2,6 3 2,4 and
295 and that the non-reducing terminal positions were occupied
by D-mannopyranose and grgalactofuranose residues. This is
the first galactomannan to have been isolated from a micro-
organiem and it is unique in heving all the g-galactose residues
in the furanose form.

The function of the galactomannan in nature is still obscure,

but the general structure in which the galactose residues are
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attached, poesibly at random, to a chain of mannose residues,
could be regarded as a method of storing galactose in the seed.
If the galactose is metabolised during the life of the seed,
this would account for some, at least, of the variability in
the compositions of the galactomannans.

In conclusion it can be stated that the galactomannans
isolated from soybean hulls have structures essentially similar

to galactomannans isolated from other leguminous seeds.



SECTION I

EXPERIMENTAL
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ISOLATION OF GALACTOMANNAN I

Soybeans ("Lindarin" veriety) were soaked in acetone for
24 hr., crushed gently to rupture the hulls and separated into
hulls, cotyledons and hypocotyls. The hulls were extracted
successively in a Soxhlet extractor with acetone, light
petroleum (b.p. 60=-80°), and ethanol - water (L : 1) to remove

lipide, colouring matter and soluble sugars.

Cold Wat Ext on.

The defatted hulls (787 g.) were exhaustively extracted
with water ( 6 x 6 1.) at room temperature, and the resulting
solutions were filtered through muslin. The combined
filtrates were concentratecd to half their original volume and
acidified with ascetic acid to pH L.5 in an attempt to
precipitate protein (74). The insoluble material (2.2 g.,
Found : No 3.2%) was removed at the "Sharples" centrifuge and
the supernatant was neutrslised, further concentrated, and
poured into ethanol. The precipitate was separated, washed
successively with ethanol, acetone and ether and dried in a
desiccator to give a polysaccharide mixture (60 g.).
Hydrolysis of a sample of the crude polysaccharide gave
galacturonic acid, galactose, mannose, arabinose, xylose,
fucosq, rhamnose and two methylated sugars (probably 2-Q-

methylxylose and 2-Q-methylfucose).
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t Cupr A ate.

The polysaccharide mixture (59 g.) was dissolved in water
(6 1.) and 7% aqueous cupric acetate (600 ml.) added to form
a green gelatinous precipitate which was allowed to settle for
L hr., and then removed at the centrifuge to give insoluble
copper complex A. On addition of ethanol (2 vol.) to the
supernatant liquor copper complex B separated. Copper
complex A was decomposed by treatment with ethanol containing
1% hydrogen chloride, then washed with ethanol, acetone and
ether, and dried to yield a polysaccharide (11 g.), [u.]D + 126°
(¢ 146 in water), which gave on hydrolysis galacturonic acid,
galactose, mannose, arabinose, xylose and traces of fucose,
rhannose and two methylated sugars. Copper complex B
similarly afforded galactomannan I as a white fibrous material
(41 ge), [u.]D + 68° (¢ 1.0 in water), (Found : No 041%) a
sample of which gave on hydrolysis galactose, mannose together

with a trace of arabinose.

Fractionation of the Acidic Polysacchari F t

Diethylaminoe 1 ulose

A sample (308 mg.) of the polysaccharide isolated from
copper complex A was chromatographed on diethylaminoethyl-
cellulose (50 g.) generated in the borate form. The column
was eluted with a gradient of water - 0.5 ¥ - sodium borate

solution. Fractions (25 ml.) were collected snd analysed by
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the phenol-sulphuric acid and carbazole methods. A plot of
polysaccharide concentration per 25 ml. fractions against
fraction number is indicated on the accompanying diagram.

Two polysaccharides were detected and the contents of
the appropriate tubes were combined, dialysed and concentrated.
The polysaccharides were precipitated by the addition of
ethanol and dried by solvent exchange. Galactomannan (12 mg.),
was eluted with about 0,05 g:- sodium borate and gave only
galactose snd mannose on hydrolysis. The second polysaccharide
fraction (126 mg.), [u.]D +102° (g 1«1 in water), was eluted
with about 0.1 M- sodium borate and on hydrolysis gave
galacturonic acid, galactose, mannose, arabinose, Xylose,

fucose, rhamnose and two methylated sugars.
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ISCLATION _OF GALACTOMANNAN TII

W 5 tion.

The hull residue from the cold water extraction was
exhaustively extracted with water (6 x 6 l.) at 60° and the
resulting solutions, filtered, concentrated and acidified to
pH Le5 « The insoluble material, (2.8 ge), (Found : o 2.9%),
wae removed at the centrifuge and the supernatant neutralised,
concentrated and poured into ethanol. The polysaccharide
mixture (L5 g.) was dried by solvent exchange. A sample of
this material was hydrolysed to give galacturonic acid,
galactose, mannoese, arabinose, xylose, fucosec, rhamnose and

two methylated sugars.

A sample (183 mg.) of the polysaccharide mixture was

chromatographed on disthylaminoethylcellulose (30 g.) generated
in the phosphate form. The column was eluted successively
with 0.025, 0,05, 0410 and 0.25 g - sodium dihydrogen phosphate
buffer at pH 6.1, and then with a gradient of 0.C1 - 0.5 R~
godium hydroxides. Fractions (30 ml.) were collected and
analysed by the phenol-sulphuric acid method. A plot of
polysaccharide concentration per 30 ml. fractions against
fraction number is shown on the accompanying diagram.

Two polysaccharide fractions were detected. Galactomannan

(37 mge), [u.]D +30° (g 140 in water), was eluted with
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0,025 & - buffer and gave only galactose and mannose on
hydrolysis. The second polysaccharide fraction (197 mge),
which was probably contaminated with cellulosic material, was
eluted with sodium hydroxide. Hydrolyeis gave, in addition
to plucose, galacturonic acid, galactose, mannose, arabinose,

xylose, fucose, rhamnose and traces of two methylated sugars.

F t h_Agu Cu etate.

The polysaccharide mixture (Ll g.) was dissolved in water
(4 1.) and 7% aqueous cupric acetate (4OC ml,) added. The
acidic polysaccharide precipitated immediately as an insoluble
copper complex A and was removed at the centrifuge. On
addition of ethanol (2 vol.) galactomannan copper complex B
separated. The complexes were decomposed by treatment with
ethanol containing 1% of hydrogen chloride, then washed with
ethanol, acetone and ether, and dried in a desiccator.

Copper complex A yielded a polysaccharide (1L g.),
[a.]D +75° (¢ 1.4 in water), which gave on hydrolysis galacturonic
acid, galactose, mannose, arabinose, xylose and traces of fucose,
rhamnose and two methylated sugars. Copprer complex B afforded
galactomannan II (5 g.), [u.]D +2645° (g 140 in water), (Found :
o 0.077), hydrolysis of which gave galactose and mannose

together with traces of arabinose and xylose.
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Fractionation of Galactomannan II on Diethylaminoethylcellulose.

A sample (350 mge.) of gelactomannan II was dissolved in
water (10 ml.) and absorbed on a column (50 g.) of diethyl-
aminoethylcellulose in the phosphate form. The column was
eluted successively with 0,025, 0.05, 0.10 and 025 i -
sodium dihydrogen phosphate buffer at pH 6.1 and then with
Oe5 U - sodium chloride.

Galactomannan II g (285 mg.), [a.]D +22° (¢ 1.0 in water)
was eluted with 0,025 g; buffer and gave only galactose and
mannose on hydrolysis. A small amount (5 mg.), of a complex
acidic polysaccharide was eluted with sodium chloride solution
and on hydrolysis gave galacturonic acid, galactose, mannose,
arabinose, xylose, fucose, rhamnose and trace amounts of two
methylated sugars which were chromatographically identical
to 2-0-methylxylose and 2-0-methylfucose.



Samples (20 mge) of the polysaccharides were hydrolysed
with 977 formic acid (2 ml.) for 6 hr., at 100°, By repeated
evaporation with water the excess formic acid was removed and
the resulting formyl esters hydrolysed with Ersulphuric acid
(2 ml,) for 1 hr., at 100°, ©Neutralisation of the sulphuric
acid with barium carbonate and removal of the formic acid by
evaporation yielded the resulting hydrolysates which were
chromatographed on filter sheets in solvent B. The filter-
paper strips containing the sugars were extracted with
saturated agueous benzoic acid solution and made up to 10 ml,
with distilled water. The galactose solutions were diluted
to 4O ml. and the mannose solutions to 100 ml. with concentrated
agqueous trichloréacetic acid to give final solutions of these
sugars in L% aqueous trichloroacetic acid.

The colour was developed by adding Efaminodiphenyl reagent
t(5 ml.) (0.57 in distilled glacial acetic acid containing 0,27%
“stannous chloride) to samples (1 ml.) of each of the prepared
solutions and heating the resulting mixtures for 27 minutes, at 100°C.
The solutions were allowed to stand for 18 hre., and their
optical densities read at 385 mpe o in a Unicam S.P.600
spectrophotometer. A blank was run concurrentlye. The ratio
of optical densities of mannose to galactose, taking into
account the dilution factors, gave a value for the actual ratio

of these sugare present in the respective polysaccharides.
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Galactomannan I on hydrolysis gave galactose and mannose

in the ratio of 1 : 1.l. Galactomannan II contained galactose

and mannose in the ratio of 1 : 2.35.

A sample of galactomannan I (2.35 ge) in water (10 ml.)
was treated with methyl sulphate (30 ml.) and 30% aqueous
sodium hydroxide (90 mls). The methylation mixture was stirred
continuously under an atmosphere of nitrogen, at room tempera-
ture. S8even further additions of methyl sulphate and agueous
sodium hydroxide were made at 24 hr. intervals (75).

The reaction mixture was heated at 85° for 1 hr., to
destroy any unreacted methyl sulphate, then neutralised with
dilute sulphuric acid and the resulting solution extracted with
hot chloroform ( L x 100 ml.)e The combined chloroform
extracts were dried over anhydrous sodium sulphate, filtéred
and evaporated to give a clear glassy solid (3.0 g.) (Found :
OMe, LO.T7%).

The partly methylated polysaccharide was dissolved in
methyl iodide (100 ml.) and silver oxide (6 g.) was added
portionwise to the refluxing mixture over a period of L hr. (76).
The mixture wae allowed to reflux for a further 20 hr., the
s0lid was removed by filtration, washed with boiling chloroform

and the combined filtrate and washings concentrated. This
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procedure was repeated twlce to yield a methylated product

(1.8'4 g.).

The methylated polysaccharide was fractionated by

dissolution in light petroleum (b.p. 60-80°) - chloroform

mixtures. The methylated galactomannan (1.75 ge) was refluxed

for 10 min. with each solvent mixture (L x 25 ml.) and the

subsequent supernatant solutions were decanted. The dissolved

material was recovered by evaporating each aolution-to dryness.

The following fractions were obtained.

Solvent
Weight
% Petroleum % Chloroform
100 — 3 mge
20 10 L3.5 mg.
80 20 1,600 mg,
70 30 Lot mge

The 80% petroleum fraction was dissolved in chloroform,

the solution was poured into excess light petroleum (b.p. 60-

80°) and the resulting precipitate was separated, washed with

petroleum snd dried in vacuo, to give methylated gelactomannan

I (145 geo), [u]D +56° (g 1.0 in chloroform) (Found: OMe,

Llie3%) o

Hydrolyeis of lMethylated Galactomannan I,

The methylated galactomannan (1.36 g.) was treated with 727

sulphuric acid (9 ml.) at 0° for 30 mins.

The resulting solution
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was diluted with water to 216 ml. (3% sulphuric scid) allowed
to stand overnight at room temperature and heated at 60¢ for

18 hours and on a boiling-water bath for 3 hours. The cooled
solution was neutralised by passage through a column of Duolite

A=-li1(OH) weak base snion exchange resin and concentrated to a

syrupy mixture of sugarse.

The mixture of methylated sugars (1.32 g.) was dissolved in
dry butan~-i-ol (15 ml.) 2nd absorbed on a2 column of cellulose
(60 x 3 cma)e The column was eluted with light petroleum
(beps 100-120°) - butan-i-ol (7:3, later 1:1 v/v) saturated with
water, and butan-1-0l half saturated with water and finally
washed with water. Fractions (20 ml.) were collected and
examined chromatographically in solvent E. Identical fractions
were combined, evaporated to dryness under reduced prescsure and
the residues purified by dissolution in organic solvents and
treatment with charcoal. The solutions were filtered and the
residues obtained on evaporation were weighed. The recovery
from the column was 91%. A sample of each fraction wase
methanolysed and the resulting methyl glycosides were examined
by gas chromatography on column g and/or column be The different

fractions obtained are shown in table 2.
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Examination of Fractions.
Fraction 1.

The syrup (15.4 mge), [a.]D +245° (g 1+4 in water),
contained 2,3,h.6-—tetra-g-mathyl-g-mannose as the major com=-
ponent and 2,3,5-tri-grmethyl—g;arabinoae. The gas chromato-
graphic evidence was verified by paper chromatography in
solvent F which gave a good separation of the sugars whose
detection was further simplified by virtue of the different
colours produced by their reaction with aniline oxalate spray
reagent, viz. trimethyl srabinose - black, tetramethyl mannose
- crimson. Demethylation with boron trichloride gave mannose

and a trace of arabinose.

Fraction 2.

The sugar (392 mg.), [a], +101° (g 1.C in water), was
examined by gas chromatography and paper chromatography in
solvent ¥, and shown to be 2,3,h,6—tetra-gymethyl-g-galactose
giving a characteristic aniline derivative, m.pe. and mixed

Mepe 197-198°, Demethyiation gave only galactose.

anc Elg;} :io
The sugar, (286 mg..),[u]D ~6.0° (g 1.0 in water), was

chromatographically similar to 2,3,6-tr1-gpmethy1—grmannose and
was characterised by the preparation of the 1,LU-di-p-nitrobenzoate
derivative, m.p. and mixed m.p. 187-188°, Mannose was obtained

on demethylation.
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The syrup (24 mg.), [a]D +8145° (g 1.6 in water) gave
galactose and mannose on demethylation. Gas chromatography
indicated the presence of 2,3,S-tri-g-methyl-g—galactose with
a trace amount of 2,3,6-tr1-grmethyl-gfmannose. On oxidation
with bromine-water the syrup yielded a lactone, MePe 97-38°
undepressed on admixture with an asuthentic sample of 2,3,6~

tri-0-me thyl-D-galactonolactone.

The sugar (13 mg.), [u.]D +82° (g 1.0 in water) was

chromatographically identical to 2,3,6-tr1—grmethy1-g;ga1actose
and gave palactose as the sole product of demethylation. The

lactone, recrystallised from ether, gave me.pe. and mixed mepe 98°%.

Eraction 6.

The syrup (7 mg.) was shown by gas chromatography, to
contain 2,3,6-tr1-gymethy1-£-ga1actose as the major component
with trace guantities of 2,h,6-tr1fgrmethyl-grgalactose and
2y3-di-0-methyl-L~arabinose. Demethylation gave galactose and

arabinose.

Eraction 7.
The syrup (8 mg.) gave galactose znd arabinose as the
products of demethylation. Gas chromatography indicated the

presence of 2,h.6—tri-grmethy1<g-galactose with trace amounts
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of 2,3,6-tri—grmethy1—g-galactose and 2,3-di-0-methyl-L- .
arabinose. The aniline derivative gave m.pe. 17L=177°
undepressed on admixture with an authentic sample of‘g-phenyl

~2,l4,6=tri-0-methyl-D-galactosylamine.

E rac EiOB § ®

The syrup (10 mg.) was examined by gae chromatography
and shown to contain 2,3,h-tri—g-methyl-g-galactose with a
trace of 2,3—di1grmethyis§rﬂrabinoae. Demethylation gave
galactose and arabinose. The aniline derivative failed to

crystallise,

Eraction O.
The sugar (LL1 mg.), [a]D -16° (g 1.0 in water) was

chromatographically indistinguishable from 2,3-di—g-methy1-_]3=—
mannose and gave only mannose on demethylation. Oxidation
with bromine-water gave 2,3-di-grmethyl-grmannonolactone as a
SyPrupe When the lactone was boiled with phenylhydrazine in
ethanol there was produced ?,B-di-g—methylﬁg-mannonic acid
phenylhydrazide m.p. 159-160° which was undepressed on admixture

with suthentic material.

Fraction 10.

This fraction (20 mge.) contained three sugars.
(a) The sugar (RG 0.62) gave only galactose on demethylation

and was thought to be a dimethylgalactose residue.



LE.

(v) The sugar (RG 0«56) gave only mannose on demethylation
and was thought to be a dimethylmannose moiety.
(¢) The sugar (RG 0«29) on demethylation gave mannose and

was thought to be a monomethylmannose residue.

These sugars were not examined further.
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Preparation of Methylated Calactomannans II and II X

A sample of the galactomannan II (0«54 g.) was methylated
by the addition of eight portions of methyl sulphate (15 ml.
each) and 307 aqueous sodium hydroxide (45 mls each)., The
partly methylated polysaccharide (0.6 g. as a glass) was
isolated by extraction with chloroform and further methylated
twice with methyl iodide (20 ml. each) and silver oxide (1 g.)
to give methylated galactomannan which was subjected to
fractional dissolution. The solvent mixture, light petroleum
(beps 100-120°) = chloroform (8:2 v/v) was evaporated off
leaving methylated polysaccharide which was dissolved in chloro-
form and precipitated by the addition of light petroleum
(bepe 60=80°) to yield methylated galactomannan II (0.206 ge),
[q.]D +12° (g 1.0 in chloroform) (Found: OMe, LL.OF).

Methylation of galactomannan II g (from chromatograchy on
diethylaminoethylcellulose) (0.07 g.) as deseribed for
galactomannan II, afforded methylated galactomannan II g (0.03 ge),
[u.]D +12° (g 140 in chloroform) (Found: OMe, Llh.2%).

of t

from Methylated Galactomannans I, II and II a.

A sample (5 mg.) of each of the metﬁylated polysaccharides
was heated with 3% methanolic hydrogen chioride for 16 hr. The
resulting solutiones were neutraliesed with silver carbonate,
filtered and concentrated. Lxamination of the mixtures of
methyl glycosides on columns g and b gave the results shown in

table 3.
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Quantitative Analysis of the Component

Su f Me ated Gala m n a 11.

The methylated polysaccharides (50 mg. each) were methanol-
ysed for 16 hr., with 3% methanolic hydrogen chloride (5 ml.) in
a sealed tube immersed in & boiling water bath. The methanolic
hydrogen chloride was removed by evaporation and the resulting
residues treated with Lj{ aqueous hydrochloric acid (5 mle.) for
6 hr., at 100°, The solutions were neutralised by passage
through columns of Amerlite IR-L5(CH) resin and the eluates
evaporated to yield the resulting hydrolysates which were
chromatographed on filter sheets in solvent E. The filter paper
strips containing the sugars were extracted for L5 minutes with
water (10 ml.) at 80° contained in B2L4 Quickfit boiling-tubes,
end the sugar content of the solutions estimated by the alkaline
hypoiodite method (52).

Methylated galactomannan I on hydrolysis yielded tetra-0-
methylgalactose, tri- and di-OU=-methylmannose in the molar ratio
of 2.3:1.0:2.1, and these products from methylated galactomannan

II were given in the molar ratio of 1.0:1.83:1.0.
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Periodate Oxidation Studies.

Polysaccharide (92.9 mg.) was dissolved in water (90 ml.)
and Oe3} - sodium metaperiodate (10 ml.) added. The mixture
was allowed to stand in the dark at 20° and at intervals
aliquot portions (1 ml.) were withdrawn and diluted to 500 ml.
with distilled water and the periodate consumption determined
spectrophotometrically. After 23 hr. the periodate consumption
was constant at 1.15 mole pepr mple of sugar residue.

Samples (2 ml.) were removed for the estimation of formic
acld by titration with standard sodium hydroxide solution,
ethylene glycol (0.5 ml., having been added to reduce excess
periodate. The formic acid relecase was constant after 48 hr.

at 0.3l mole of formic acid per mole of hexose unit.

Periodate Oxidat of G oma I,

Polysaccharide (8L.8 mg.) was dissolved in water (90 ml.)
and 0434 - sodium metaperiodate (10 ml.) addeds The periodate
consumption, measured spectrophotometrically was constant after
19 hr. at 1.08 mole per mole of sugar residue.

Formic acid release was determined by titration with
standard sodium hydroxide and after L8 hr. 0.27 mole of formic

acid had been produced per hexogse residue.
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D Galactoman s I d .

Samples (100 mg.) of galactomennens I and II were dissolved
in water (90 mle) &nd Os3l-sodium metaperiodate (10 ml.) added.
The oxidation was allowed to proceed for 96 hr., the excess
periodate destroyed with ethylene glycol, and the solutions
were treated with potassium borohydride (300 mge). After
standing at room temperature for 72 hr., the solutions were
neutralised with dilute acetic acid and dialysed for L8 hr.,
against running water. The dialysed solutions were evaporated
and the residues were dissolved in cold 0.25 g:— sulphuric acid
(10 ml.) and left for 30 hr.,, at room temperature.

The solutions were deionised with Amberlite IR-L5(OH) resin
and the residues obtained on evaporation were examined chromato-
graphically in solvents, A, D, H and I. The products from the
degraded galactomannans I and II were shown to be chromato-
graphically identical. Large ocuantities of glycerol and
erythritol were detected together with a non-reducing component

which had an R value of 0,63, 0,68 and 075 in solvents

glucose
Ay D and H respectively. The components were resolved on filter

sheets in solvent H.

The non-reducing component from galactomannan I (0O.6mg,.)
and galactomannan II (0«5 mge) were hydrolysed and chromato-
graphic examination of the hydrolysates in solvents B, D, H and
I indicated the presence in both of mannose and erythritol.
The glycitol in the hydrolysates was electrophoretically identical
to erythritol (Ms 1+0) (threitol, Mg 0+69) in molybdate buffer.

HEMISTRY LIBRARY
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mall- g drolyse
Galsa isolat from Carcb & Crc a

(1) With 0.58 - sulphuric acid.

The polysaccharide (0.5 g.) was heated in 0.58 -
sulphuric acid (25 ml.) on a water bath at 100°. Samples (1 ml.)
were withdrawn at intervals, neutralised with barium carbonate,
treated with Amberlite IR-120(H) resin, were concentrated and
examined by chromatography in solvents A and B. The results
indicated the maximum production of the oligosaccharides

mannobiose, galactosylmannose and mannotriose after L hr.

(2) Formolysis.
The polysaccharide (0.5 ge) was heated in L57 formic

acid (20 ml,) on a boiling water bath and at intervals, samples
(? mle.) were taken and the excess formic acid removed by
repeated evaporation with watere. The resulting formyl esters
were hydrolysed with 025§ - sulphuric acid (5 mlo) for 10 min,
at 100°, Neutralisation of the sulphuric acid with barium
carbonate and removal of the formic acid by evavoration ylelded
hydrolysates which were examined by chromatography in solvents
A and B, Mannobiose, galactosylmannose and mannotriose were

produced in maximum yield after 1.5 hr.
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(3) e lowed Deacetylatione.

Galactomannan (0.5 ge) was added in small portions to
an ice-cooled acetolysis mixture [acetic acid (5.2 ml.), acetic
anhydride (5.2 mi.) and concentrated sulphuric acid (0.52 ml.)].
The solution was kept at room témperature and samples (2 ml.)
were withdrawn every 24 hr., poured into ice-water (10 ml.) end
the solutions were adjusted to pH L=5 by the addition of sodium
hydrogen carbonate. Sugar acetates were extracted with chloro-
form and the solutions dried over anhydrous sodium sulphate and
concentrated. The resulting syrups were dissolved in
methanol (10 ml.) and chloroform (5 ml.), 0+50 - barium methoxide
(5 ml.) was added and the solutions were allowed to stand for
24 hre at 0°, Dilute sulphuric acid was added to pH 7, barium
sulphate was removed by centrifugation and the solutions were
concentrated and examined by chromatography in solvents A and B,
The results indicated that the optimum time for the formation of

oligosaccharides was after acetolysis for 72 hr.

Chromatographic evidence indicated that of the three
methods employed to depolymerise the galactomannan, the process
of graded acetolysis followed by deacetylation furnished the
maximum production of oligosaccharides with the least amount of

total hydrolysis,
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ACETOLYSES OF GALACTOMANNANS I and Il

Galactomannans I and II were subjected to graded acetolyses
and the products of depolymerisation fractionated on charcoal-
Celite. Several oligosaccharides have been characterised.

A trial acetolysis on the galactomannan isolated from

carob gum 1ndicated'that a reaction period of 72 hours was

required for the maximum production of oligosaccharides.

The gazlactomannan I [5.08 g., [a.]D +68° (g 1.0 in water)]
was added slowly with stirring to a mixture df ascetic acid
(50 ml.), acetic anhydride (50 ml.), and concentrated sulphuric
acid (5.0 mls) and the mixture kept at room temperature for
72 hours. The mixture was poured into ice-water (300 ml.) and
sodium hydrogen carbonate was added gradually to pH L=b. The
precinitated sugar acetates were aebarated and dissolved in
chloroform (100 ml,) and the aqueous solution extracted with
chloroform (L x 100 mls). The combined chloroform solutions
were washed with sodium hydrogen carbonate solution until free
from acid, dried over anhydrous sodium sulphate, filtered through
a sintered glass funnel, and concentrated to a syrup (gg. 8 &)
The acetates were deacetylated by ihe catalytic barium
methoxide method, Barium methoxide (50 ml. of 0.58 solution
in methanol) was added to the syrupy acetates in chloroform (10 ml.)

and methanol (20 ml.), and the mixture kept at 0° for 2L hours.
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The mixture was poured into water (200 ml.), barium ions were
precipitated by neutralisation with dilute sulphuric acid to

pH 7.0, and the filtrate was passed through Amberlite IR-120(H)
and Duolite A-L(CH) resins and concentrated to a syrup (318 ge)e

The syrup was examined chromatographically in solvents A and B.

The galactomannan II, [2.3 g.,[a]D +2645° (g 140 in water)],
was treated for 72 houre with an acetolysis mixture (52.5 mle)
in the manner already described. The solution was poured into
ice~-water (150 ml.) and sodium hydrogen carbonate added
gradually to pH L5, The precipitated sugar acetates were
separated and dissolved in chloroform (50 ml.) and the agueous
solution extracted with chloroform (4 x 50 mls)s The combined
chloroform solutions were washed with sodium hydrogen carbonate
solution until free from acid, dried over anhydrous sodium
sulphate, filtered through a sintered-glass funnel and concen-
trated to a syrup (ca U @)+

Barium methoxide (25 ml. of 0.5N solution in methanol) was
added to a solution of the acetates in chloroform (5 ml.) and
methanol (10 ml.), énd the mixture was kept at 0° for 2L hours.
The solution was deionised and concentrated to a syrup (1.68 g.)

which was examined by paper chromatography in solvents A and Be



The syrups obtained on acetolyses of the galactomannans
were examined by paper chromatography in solvents A and B and
shown to contain mixtures of the same components including
mannose, galactose, mannoblose, mannotriose, galactosylmannose
and othér oligosaccharides.

The combined mixtures of sugars (L.77 g.) were dissolved
in water (20 mls) and added to a column (9 ecme X 7 cm.) oOf
charcoal-Celite (1:1. 150 g+ each). The sugars were eluted
successively with water (3 l.) and water containing increasing
proportions of ethanol (0O - 257 ethanol)e. Fractions (25 ml.)
were collected in test-tubes and every tenth was evaporated to
dryness and examined chromatographically in solvents B and G.
Identical fractions were combined and evaporated to dryness.
Where necessary further fractionation was carried out by
chromatography on Whatman filter sheets using an appropriate
solvent system.

Elution with water yielded a mixture of monosaccharides
(1«74 go, galactose, mannose, with traces of arabinose and
xylose) together with a trace of mannobiose. The fractions

obtained are shown in table L.
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TABLE L

Epaction | Z EtOH in kﬁﬂ& Component R Relative
Eluant Sugars —gaugose | Amounts
1 1.0 - 500 369 01 0050
01 0.50 +4+++
Oz 0.66 e
2 140 =~ 540 82 03 OeL2 .
Ou 035 trace
Os 0e25 +
02 0.66 4
5 140 = 540 25 O3 Osli2 ++++
Cu 0435 +
Op 0.36 trace
O3 O.lL2 ++d
b 540 59 oL 035 +
Os 017 trace
03 0.L2 trace
5 5.0 171 Oun 0435 trace
Os 017 i+
6 540 = 765 205 Og 017
Os1
7 | sw-ms| 1m0 | % gtz o
07 0.22 +
8 50 = 745 61 05, Os 0416 +++
Og 0412 trace
07 0e22 trace
9 560 = 745 53 Os 0e16 444+
09 0e12 +
R
~glucose
So G
Oic 0«32 +4+
19 745-1245 210 0115, 0111 0.1 4
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1.
[13

Component
Sugar

11

12

Residue

1 2'5-1 500

12451540

25.0

74

250

950

011, O11g

O12 +
Complex
mixture

of faster
moving
oligosac~
charides

O12 +
Complex
mixture

of oligo-
saccharides

O.li1
0,04

0,04

++++
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1 ion and Characterisation of O [¢) a
igogsaccharide 1 (01) 376 mg.
Rglucose = 0450 in solvent B

MG- = 0454

The sugar gave only mannose on hydrolyels and was chromato-
graphically and electrophoretically indistinguishable from
authentic h-Q—B-g-mannopyranoaylsgrménnose. The disaccharide
was recrystallised from ethanol containing a trace of water and
the acicular crystals had m.ps and mixed m.p. 205°, [a.]D =745
(equile) (g 541 in water), and gave an X-ray powder photograph
identical with that given by h-grﬁ-grmannopyranosyl-grmanno-
pPyranose. The methanolyeis productes from the methylated
disaccharide were examined by gas chromatography and were shown
to contain methyl glycosides of 2,3,Lh,6-tetra- and 2,3,6-tri-

QO-methyl-D-mannose.

Oligosacchapride 2 (02) 8 mge

Rglucose = 0,66 in solvent B

Mg = 0457
The sugar, [a.]D +66° (g 0.68 in water) gave mannose on
hydrolysis, and was chromatographically and elecirophoretically
indistinguishable fron h-gfa-g-mannopyranosyljg-mannose from
ivory nut mannan (77). The methanolysis products from the

methylated disaccharide were examined by gas chromatography and the
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main components had retention times of methyl glycosides of

293, ,6-tetra~ end 2,3,6-tri-0-methyl-D-mannose.

0 c o (03) Li-o Mg «
Rglucoae = 0.42 in solvent B
MG = 0,65

The disaccharide, which gave galactose and mennose on
hydrolysis, was recrystallised from ethanol - water to give
G—Qra-g—galactopyranosyl—ﬁ;mannose which was identified by m.p.
and mixed mep. 201°, [a]D + 122° (equile.) (g 140 in water), and

by an X-ray powder photograph. The methanolysis products from

the methylated daisaccharide were examined by gas chromatography
and found to contain components having the retention times of
24351, 6-tetra-g-methyl-g-gal actose and 2,3,4-tri-0-methyl-D-

mannose.

Oligosaccharide L (0n) 1 mg.
R = 0435 in solvent B
0436

glucose

HG =

The sugar gave mannose and glucose on hydrolysis and was
chromatographically and electrophoretically indistinguishable

from h-grﬁ—g;mannOpyranosylfgrglucose.
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Oligosaccharide 5 (0s) 2 mge
Rglucoao = D25 in solvent B
MG = 0.80

The sugar gave only galactose on hydreclysis and was
chromatographically and electrophoretically indistinguishable
from G—Q-B-g-galactopyranosyl-a—galactose but distinguishable

from h-Q_—B-D_—ga1act0pyranosy1-g-galactose.

01i haride (06) 254 mg.
Rﬂﬂ_mm‘3 = 0es17 in solvent B
MG = 0450
The sugar yielded only mannose on hydrolysis and had
chromatographic and electrophoretic mobilities identical with
those of Q-B-g-mannc:pyranoayl—(1—'h)-g-fs-g-mannopyranosyl-
(1_*h)—g-mannose. Crystallisation occurred readily from
isopropanol - water 3 the plate~shaped crystals exhibited me.pe.
(sealed tube) 131-132°, mep. and mixed m.pe. 166-168° (slow
heating) , [u.]D -15° =+ -20° (equil.)(g 1«1 in water) and X-ray
powder. photographs were identical with those of g-ﬂ-g_—-mamlo-
pyranosyl=(1—+l) -_Q_-ﬂ-g-mann opyranosyl=(i=—+L) —g-mannose trihydrate.
The methanolysis products from the methylated trisaccharide
were examined by gas chromatography and were shown to contain

components having the retention times of 2,3,L,6-tetra- and

2 33y6=tri-0-methyl-D-mannose.
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01 chs (07) 12 mge
Rglucosa = 022 in solvent B
MG = 0060

The sugar gave only mannose on hydrolysie and showed a
chromatographic mobility and electrophoretic mobility identical
with that of authentic Qra-gfmannopyranoeyl-(1*-*&)eg—ﬂ-gr
mannOpyranosyl—(1-*h)-grmannose from ivory nut mannan (77).

The trisaccharide crystallised from ethanol - water and had

me.pe and mixed m.p. 224°, [a.]D +#11° (equile) (e 1.2 in water ),
and gave an X-ray powder photograph identical with that obtained
from an authentic sample of Q-a-D-mannopyrenosyl=-(i=—+L)-0-g-
grmannopyranosyl-(1——*h)1a—mannopyranose. Partial acid
hydrolysis of the derived glycitol (borohydride reduction) gave
mannose and h—gra-Qrmannopyranosyl—g-mannose. The methanolysis
products from the methylated trisaccharide were examined by gas
chromatography and were shown to contain methyl glycosides of

253,4,6=tetra- and 2,3,6-tri-g-methyl-D-mannose.

Olipo i (0g) 17 mge
Rglucose = 0.16 in solvent B
HG = 0.’48

The syrup, [u.]D +31° (g 0.9 in water), gave om hydrolysis
galactose and mannose in the proportions of 1:2. Partial acid
hydrolysis of the syrup yielded galactose, mannose, mannobiose
and 6-0-a-D-galactopyranosyl-D-mannose 3 partial acid hydrolysis
of the derived glycitol (borohydride reduction) gave galactose,
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mannose and.6-gya-g—galactopyranosyl-g-mannose. The syrup

was methylated and the methanolysis products from the methylated
sugar were examined by gas chromatography and were shown to
contain components having the retention times of 2,3,4,56-tetra~
O-methyl-D-galactose, 2,3,i-tri- and 2,3,6-tri-gymethyljg-
mannose. This evidence indicated a trisaccharide with the
structure Q-a-D-galac topyranosyl=(1=—=§) -0-B=-D-mannopyranosyl-

(1=l ) -D-mannose.

Qligosaccharide 9 (0s3) 5 mg.
Rglucose = 012 in solvent B
MG = 0.38

The sugar, [a]D -10° (g O.lt in water), gave mannose and
glucose on hydrolysis and showed a chromatographic and electro-
phoretic mobility identical with that of authentic O-f=D-mamno-
pyranosyl=(1=—+l)=-0-f=~D-mannopyranosyl-(1=—=l)=-D-glucose.

Partial acid hydrolysis of the sugar yielded glucose, mannose,
h-gpﬁ-g-mannopyranosyl—g;mannose and h-grﬂ-g-mannopyranoaylﬂ%—
glucose; partial hydrolysis of the derived glycitol (bvorohydride

reduction) gave mennose and mannobiose.

0 de 10 (C10) 20 mge
Rglucose = 0,%2 in solvent G
Mgy = Ouls7

The sugar wae crystallised from ethanol-=water and had m.pe.
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and mixed m.pe 231-232°, [a], -30° (10 minutes) —> -28° (equil.)
(¢ 145 in water), and had an X-ray powder photograph identical

to that of an authentic sample of O-B-D-mannopyranosyl—(i-—L)
~Q=B=D-mannopyranosyl=(1=—sl)-0-g-D-mannopyranosyl-(1=—~L.)-D-
nannose. The sugar gave only mannose on hydrolysis and after
partial acid hydrolysis chromatographically showed the homologous
series, mannose, mannoviose, mannotriose and unchanged tetra-
saccharide. Borohydride reduction followed by partial acid
hydrolysis yielded the homologous series up to mannotriose.

Gas chromatography indicated the presence of the methyl glycosides
of 2,3,4,6-tetra- and 2,3,6-tr1-grmethyl1gfmannoBe in the product

of methanolysis of the methylated tetrasaccharide.

Oligosaccheride 11 and i1a 80 mg.
Rglucose = Osl1 in solvent G
(011) My = 017
(011a) HG = 0.53

This fraction was chromatographically similar in solvents B
and & to g—a.-g—-mannopyranoayl—(1-—*h)-_Q_-B—g-mannopyranosyl—
(1= l4) ~0-B~D-mannopyranosyl-(1=——~l)-D-mannose from ivory nut
mannan (77) . Electrophoresis indicated the presence of two
sugars the value of 0.53 agreeing with that of the authentic sample
of isomannotetraose. The syrup on hydrolysis yielded galactose
and mannose and after partial acid hydrolysis chromatographically
showed galactose, mammose, mannobiose, isomannobiose, mannotriose,

igomannotriose, galactosylmannose and unchanged tetrasaccharides.
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Borohydride reduction followed by partial acid hydrdlyais
yielded, chromatographically, the same products as above except
for the unchanged tetrasaccharide. There was some evidence
therefore, for the presence of jsomannotetraose (011a) in thise
fraction together with a tetrasaccharide (0i4) which contained

galactose and mannose.

ccha 1 (012) 15 mg.
Rglucoae = 0.0L4 in solvent G

The sugar was crystallised from ethanol-water and had
[a.]D -30° (g 0498 in water); no m.pe. (in excess of 290°) could
be recorded. An X-ray powder photograph of the pentasaccharide
was identical with that given by Qrﬁ-grmannopyranosyl-(1-—*h)-
[grﬁ1g-mannopyranosyl-(1-—*h)]3-2-mannose, and substantially
different from the lower homologue mannotetraoses. The methanolysis
products from the methylated pentasaccharide were examined by gas
chromatography and shown to contain methyl glycosides of 2,3,l,6~

tetra- and 2,3,6~tr i-Q-methyl-D-mannoses
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The high protein content of soybean cotyledon meal presented
considerable difficulties to the isolation of the polysaccharide
components in a relatively pure state. Extraction of the meal
with boiling ethanol - water removed most of the soluble sugars,
fructose, sucrose, raffinose and stachyose (78) and subsequent
extraction of the meal with water alone was found to remove only
emall amounts of protein since the following 0.5% aqueous ammonium
oxalate and 0.2% and 5% aqueous sodium hydroxide extracts
(extraction scheme A) were highly contaminated with protein. The
polysaccharide components from these extracts were similar in
giving rise on hydrolysis to the same mixtures of sugars con-
taining galacturonic acid, galactose, arabinose, xylose, fucose,
ribose, rhamnose and methylated sugars together with traces of
mannose and glucoses

A more satisfactory extraction procedure (extraction scheme
B) involved an extraction of the meal with cold very dilute alkali
to solubilise most of the protein (13) and although the swollen
meal was rather difficult to handle at this stage subseqguent
extractions with 0.5% aqueous ammonium oxalate and 5% aqueous
sodium hydroxide gave polysaccharide preparations containing
relatively little contamination with protein. The polysaccharide
components of these extracts contained the same constituent sugars
but in varied proportions. The 0.5% aqueous ammonium oxalate
extract 12 gave on hydrolysis galacturonic acid, galactose,
arabinose, xylose, fucose, ribose, rhamnose, 2-0-methylxylose,
2=0-methylfucose together with traces of mammose and glucose 3

this extract was examined in greater detail.
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Fractionation of the polysaccharide extract M2 on
diethylaminoethylcellulose, generated in the phosphate and
acetate forms, showed that the polysaccharide system was
heterogeneous, containing a number of acidic polysaccharide
components. The major fractions possessed the same constituent
sugars as the parent polysaccharide complex, except for ribose
which appeared in some way to have been irreversibly absorbed
on the cellulose.

An attempt to fractionate the polysaccharide complex M2
with cupric scetate (50), calcium chloride (79) and cetavlon (80)
procedures failed to effect any significant separation. Although
some measure of heterogeneity was apparent in extract M2 it was
probable that the component polysaccharide fractions containing
identical constituent sugars also contained many structural
features in common. Since there was no evidence for the presence
of entirely different types of polysaccharides present in the
polysaccharide complex M2 various methods of degrading the complex
were investigated in order to obtain conditions for the optimum
production of simpler fragments, including oligosaccharides which
could be isolated and characterised, thereby furnishing information
on the structural features of the polysaccharide and the types of
linkages likely to be present in the structure.

Mild acid hydrolysis of a 27 solution of the polysaccharide
'complex M2 in O.02K) - sulphuric acid resulted in the rapid releacse
of arabinose and fucose residues suggesting that these sugars were

probably present in the molecule, in part, as peripheral units and
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that the arabinose residues were present in the furanose form.
Galactose and xylose were also released as cleavage products at
a later stage in the hydrolysis but oligosaccharides were not
detected in the hydrolysate at any time during the hydrolysis.

More drastic partial hydrolysis conditions, g;aulphuric
acid for L hr., at 100°, in a 2% solution of the polysaccharide
fraction M2 afforded degraded polysaccharides and a mixture of
acidic oligosaccharides containing galacturonic acid and rhamnose
moieties which were subsequently characterised in a later
experiment. Only traces of neutral oligosaccharides were
obtained under these hydrolysis conditions.

The polysaccharide complex M2 was subjected to graded
acetolysies with acetic acid, acetic anhydride and sulphuric acid
(10310:1, v/v) and deacetylation of the acetolysis products
furnished a mixture of neutral oligosaccharides containing,
fucose, xylose, galactose and rhamnose,and included components
with the chromatqgraphic mobilities of 2-Q-a~L-fucopyranosyl-
g-xyloee and 2-9_—8-%-3&119ctopyranoeyl-g-xyloae.

A modified procedure was used for the isolation of further
quantities of polysaccharides from soybean cotyledon meal. The
isolation of the polysaccharide fractions in two stages involving
extraction with 0.5% aqueous ammonium oxalate and with 5% aqueous
godium hydroxide (extraction scheme B) was replaced by a single
extraction procedure using 2% aqueous ethylenediaminetetrasacetic
acid disodium salt (extraction scheme C)which removed most of the

polysaccharide from the cotyledon meal previously pretreated with
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boiling ethanol-water to remove soluble sugars and 0.2% aqueous
sodium hydroxide to solubilise the major part of the protein.

The soybean meal ethylenediaminetetraacetic acid disodium
salt extract ME? was subjected to a detailed examination. The
fraction had a specific rotation of +41° and gave on hydrolysis
galacturonic acid, gélactose, mannose, glucose, arabinose, xylose,
fucose, rhamnose, 2-0~-methylxylose and ?-0-methylfucose.
Fractionation of the extract on a diethylaminoethylcellulose
column generated in the phosphate form gave an elution pattern
identical to that given by the ammonium oxalate extract M2
fractionated on the same type of column.

Two major and three minor fractions were isolated and partial
hydrolysis of the five fractions with 0.5& - gulphuric acid gave
a mlixture of neutral and acidic sugars which were separated with
diethylaminoethyl-Sephadex. h-g—B-g-Galactoyyranoeyl-g-—galactose
and the corresponding trisaccharide were detected as neutral
components from all but the second major fraction which yielded
these fragments only on very mild hydrolysis with 0ol - sulphuric
acide. The two mejor polysaccharide components isolated from the
column differed also in the relative amounts of their acidic and
neutral component sugars. The first fraction with a uronic acid
content of 167 contained gelactose and arabinose as the principal
sugars with smaller amounts of xylose, whereas the second fraction
contained xylose in much greater amount than galactose and
arabinose and had a uronic acid content of 36, These observations

suggested that the two major polysaccharide fractions from the
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column differed in their proportions of side chains and, in
particular, the length of the polygalactose side units. These
differences could explain their separation on diethylamino-
ethylcellulose since Neukom (81) has shown that the extent of
absorption of pectic substances on this ion exchange cellulose
depended on the degree of esterification, the degres of poly-
merisation and the proportion of side chainse

The acidic oligosaccharides from the partial hydrolysis of
the two major polysaccharide fractions were chromatographically
identical and had chromatographic mobilities similar to the
acidic sugars isolated from partial hydrolysis (g_- sulphuric
acid) of the 0.5% aqueous ammonium oxalate M2 extract.
Similarly the products of graded acetolysis of the two major
polysaccharide fractions furnished chromatographically eimilar
mixtures of sugars to that isolated from the graded escetolysis
of the aqueous ammonium oxelate M2 extract.

Since it had been shown that the aqueous ammonium oxalsate
polysaccharide complex M2 and the squeous ethylenediaminetetra-
acetic acid disodium sslt polysaccharide complex ME2 furnished
similar mixtures of sugars on partial depolymerisation, samples
of the latter were partially hydrolysed in large enough quantities
to enable oligosaccharide fragments to be isolated and character-
ised.

Partial hydrolysis of the polysaccharide complex ME? in
0.5& - sulphuric acid yielded a small guantity of insoluble

degraded polysaccharide, a degraded polysaccharide precipitated
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from the hydrolysate by the addition of acetone and a mixture

of mono- and oligosaccharides. Hydrolysis of a sample of the
insoluble degraded polysaccharide gave gslacturonic acid, glucose,
xylose, rhamnose, 2-0-methylxylose, 2-0O-methylfucose and traces
of galactose and mannosey the precipitated degraded poly-
saccharide yielded galacturonic acid, xylose, rhamnose, 2-0-
methylxylose, ?-0-methylfucose and a trace of galactose.

The oligosaccharide components were separated from the
monosaccharides on charcoal and then sub-divided into neutral and
acidic fractions on dlethylaminoethyl-Sephadex. Paper chromato-
graphic examination of the acidic oligosaccharides showed them
to be chromatographically similar to those isolated and character-
ised in a later experiment. The neutral oligosaccharides were
fractionated on a charcoal-Celite column followed, where necessary,
by partition chromatography on cellulose filter sheets.

?=0~Methylxylose and ?-0-methylfucose were identified as
products of the partial hydrolysis together with the main products
which were members of a homologous series II of galactose-containing

oligosaccharides.

B-D-Ga 12-[ (1==>L4)=-p-D~Galp] n—( 1==>1;) -D-Galp
II

The first member wasadisaccharide which crystallised from
ethanol-water and was identified by comparison (m.p. and mixed

MePe s Specific rotation and X-ray powder photograph) with an
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authentic specimen of h-g-ﬁ-g_—galactopyranosyl-g-galactose (11,

n =0)e As the structure of the disaccharide (II, n = 0) had
been based on lead tetrascetate oxidation studies (82) the
oligosaccharide was subjected to methylation studies in order

to substantiate the formulation. The cleavage products of the
fully methylated disaccharide were characterised as 2,3,L4,6~-tetra-
and 2,3,6—tr1-g-methyl-g-ga1actose. The disaccharide was
oxidised with bromine-water to the corresponding acid III followed
by methylation and hydrolysis to yield 2,3,&,6-tetrafg-methylfg-
galactose and 2,3;5,6-tetra-grmethyl-gfgalactonolactone IV,

These results confirmed the structure of the disaccharide as

L=0-B-D~galactopyranosyl-D-galactose, (II, n = 0).

CH,OH CH,0H
O
(@) OH
HO o \\\\
OH OH COOH OMe CO
OH OM
OH HCOMe %
III HCOMe IV

The second member of the series was a trisaccharide which
on partial hydrolysis gave galactose and u—grs-grgalactopyranosyl-
grgalactose. The methylated sugar on methanolysis yielded the
methyl glycosides of 2,3,4,6~-tetra- and 2,3,6—trifg—methy1-2-
galactose. The cleavage products of the methylated oxidised
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trisaccharide were shown by gas and paper chromatography to be
293l s6-tetra- and 2,3,6-tri-0-methyl-D-galectose together with
2,3,5,6-tetra—grmethy1-grgalactonolactone, proving the structure
to be Q_-B-_Q_—gal actopyranosyle(1=l) -Q_-s—_g_—gal actopyranosyl-
(1-"*h)-g-galactose (II, n = 1),

The third, fourth and fifth members of the series (II,

n =2, 3 and L4) were isolated snd characterised by the chromato-
graphic identification of oligomers of the series II they
furnished on partial hydrolysis and by the gas chromatographic
identification of the methyl glycosides of 2,3,l,6-tetra- and
2,3,6-tri—grmethyl-gfgalactose as methanolysis products of the
methylated oligosaccharides. The ionophoretic mobilities of
these oligosaccharides agreed favourably with the values quoted
by Bouveng and Meier (83) for the same oligosaccharides isolated
from the partial acid hydrolysate of the galactan from Norwegian
spruce compression wood.

Chromatogravhic evidence indicated the presence in the last
fraction from the charcoal-Celite coclumn of a mixture of the
fifth, sixth and seventh members of the series (II, n = U4, 5 and
6). The fresction yielded oligomers of the series II on partial
hydrolysie and the methyl glycosides of 2,3,l4,6-tetra- and
2,3,6-tri-grmethylﬂg-ga1aotose which were shown by gas chromato-
graphy to bte methanolyeis products of the methylated fraction.

In addition to the homologous series II of sugars a small
amount of another homologous series appeared to be present as
products of partial hydrolysis of the HE2 polysaccharide complex

since many of the fractions etained yellow and red with
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granisidine and gave on hydrolysis small amounts of arabinose

and glucose together with galactose. Although this cligo-
saccharide series could not be separated from the galactose-
containing series II because of the similarity in chromatographic
mobilities it seemed probadble, by virtue of the red stain
produced with Efanisidine, that the second oligosaccharide series
had reducing end group units of arabinose.

Partial hydrolysie of the polysaccharide complex ME?2 with
g -~ sulphuric acid furnished a small quantity of insoluble
degraded polysaccharide, a degraded polysaccharide precipltated
from the hydrolysate by the addition of acetone, and a mixture
of mono- and oligosaccharides. The insoluble degraded poly-
saccharide on hydrolysis ylelded galacturonic acid, glucose,
xylose and rhamnose and the precipitated degraded polysaccharide
gave gelacturonic acid with traces of xylose and rhamnose.

The oligosaccharide components were separated from the mono-
saccharides on charcoal end further separated into neutral and
acidiec fractions on diethylaminocethyl-Sephadex. The neutral
fraction contained ?-0-methylxylose and ?-O-methylfucose and the
galactose-containing oligosaccharides II isolated from the O.5K-
sulphuric acid partial hydrolysate. The acidic oligosaccharides
were fractionated on a diethylaminoethyl-Sephadex column followed
where necessary by partition chromatography on cellulose filter
sheets.

The main component (01) was the aldobiouronic acid, 2-0-

(a~D-galactopyranosyluronic acid)-L-rhamnose V which was
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characterised by the formation of the crystalline methyl
glycoside penta methyl ether of the acid which wae identical
(mepe and mixed m.p., specific rotation and X-ray powder photo-

graph) with an authentic specimen.
a~D-GalpA {=+=2 L-Rha V

The second acidic oligosaccharide (02) was chromatograph-
ically and electrophoretically identical to 6—gr(B—£—gluco—
pyranosyluronic acid)ﬁg-galactose VI and the gas chromatographic
identification of the methyl ester methyl glycoside of 2,3,lL-
tri—gymethyl-gfglucuronic acld and the methyl glycosides of
233l=tri- and 2,3,5-tri-gymethyljgrzalactose as products of
methanolysis of the methylated oligosaccharide, further
substantiated the formulation VI,

B"Q"GBA \=—s6 g—Gal VI

The third acidic oligosaccharide (03) was an aldobiouronic
acid containing glucuronic acid and fucose moieties. The methyl
ester methyl glycoside of 2,3,h—tr1ﬁgrmethy1-grglucuronic acid
was identified by gas chromatography as a product of methanolysis
of the methylated oligosaccharide but other peaks indicated on
the gas chromatogram could not be identified because of the lack
of authentic dimethylfucose standards.
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The periodate-pararosaniline spray reagent developed by
Buchanan and Hardy (8L4) was employed to provide information
concerning the point of attachment of the glucuronic acid
unit to the fucose residue. The formation of a yellow colour
on treatment of a carbohydrate with this reagent was an
Indication that a derivative of malonaldehyde had been pro-
duced by sodium periodate oxidation, whereas the formation
of a blue colour was an indication that other aldehydes had
bveen formed.

The glucuronic acid unit linked to carbon atom 2 or 3
of the fucose moiety would be the only combination to yield a
derivative of malonaldehyde on oxidstion with sodium meta-
periodate and the derived glycitol would only give a malon-
aldehyde type of structure on periodate oxidation if the
glucuronic acid unit was linked to carbon atom 3 of the
fucitol moiety.

The disaccharide and the corresponding glycitol
(borohydride reduction) formed blue colours when treated with
the reagent and it seemed probable on this evidence that the
acid moiety was linked to carbon atom U4 of the fucose residue.
The absence of a (1= 2)-linkage was verified by the intense
red colour produced when the oligosaccharide was treated with
2,3,5=~triphenyltetrazolium chloride reagent (21).

The molecular rotation, -231, of the aldobiouronic acid
compared to the sum of the molecular rotations, -182, of g—

glucuronic acid and{g—fucosa tended to favour a p-type of
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linkage in the structure VII, which was asgsigned to the acidic

oligosaccharide (03).

B-D-CGpA ==L L-Fuc VII

The fourth acidic oligosaccharide (Oy) was composed of
glucuronic acid and galactose residues and the gas chromato-
graphic identification of the methyl ester methyl glycoside
of 2,3,4=~tri-Q-methyl-D-glucuronic acid and the methyl glycosilde
of 2,3,6—tri~gpmethy11g-galactose as products of methanolysis
of the methylated oligosaccharide, together with the negative
specific rotation (-28Y) indicated that the aldobiouronic

aclid was h-gr(Bﬁg-glucopyranosyluronic acid)-gfgalactose VIIIL.

B=D=GpA 1=l g-(ial VIII.

The fifth acidiec oligosaccharide (Os) contained galacturonic
acid and rhamnose in the estimated (37,39) proportion of 1:1
and after reduction the ratio was 1.,7:1, which indicated that
the oligosaccharide was a tetrasaccharide composed of two units
of galacturonic acid and rhamnose residues, The tetrasaccharide
on partial acid hydrolysis gave galacturonic acid, rhamnose and
2-gr(a-gfgalactopyranosyluronic acid)féfrhamnosa and these
reducing sugars together with rhamnitol and z-gp(aﬁg-galacto-

pyranosyluronic acid)-L-rhamnitol as products of partial



784

hydrolysis of the potassium borohydride reduced tetrasaccharide.
The cleavage products from the methylated tetrasaccharide
were shown by gas chromatography to be the methyl esters methyl
glycosides of 2,3-di-~ and 2,3,h—tri-grmethyﬂrg?@alacturonic acid
and the methyl glycoside of 3,h-di-g-methyl-g-rhamnose.
Paper and ges chromatographic evidence indiceted that the
cleavage products of the reduced methylated oligosaccharide
were 3,u—difgemethyljg—rhamnose and ?,3-di- and 2,3,L-tri-0=-
methylfg-galactose. The methyl glycosides of 3,U4-di-C-methyl-
%rrhamnoee and 2,3,h,6-tetra~-, 2,3,6~tri~, and 2,3,h-tri-0-
methyl-g-galactose were shown by gas chromatography, to be the
products of methanolysis of the remethylated, reduced methylated
oligosaccharide. The 2,5,h-tri-grmethyl-g—galactose probably
arose from incomplete remethylation of the reduced methylated
oligosaccharide. The molecular rotation, +688, of the
oligosaccharide compared to the sum of the molecular rotations,
+585, for two galacturonosylrhamnose V unite tended to favour
a P~type of linkage between these two constituent units in the

structure IX which wes assigned to the oligosaccharide.

0.-D-GalpA {=—+2 B-I-Rhap 1—>L a-D-GalpA 1==2 L-Rha IX

The sixth oligosaccharide fraction (0s) contained galact-
uronic acid and rhamnose in the estimated (37,39) molar proportion
of 1.8:1 and after reduction with potassium borohydride the ratio
was 1¢2:16 On partial acid hydrolysis the fraction yielded
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galacturonic acid, rhamnose and 2-gr(u-gggalactopyranosyluronic
acid)jg-rhamnose and these sugars together with 2 trace of
rhamnitol were obtained on partial acid hydrolysis of the
derived glycitol (borohydride reduction). Gas chromatographic
evidence indicated that the cleavage products from the
methylated fraction were the methyl esters methyl glycosidesof
2,3,4=tri- and 2,j-di-grmethyl-g-ga1acturonic acid with a small
amount of the methyl glycoside of 3,h—di-g—methyl—%frhamnose.
The fraction was subsequently found to be heterogeneous con-
taining the tetrasaccharide IX and another oligosacecharide with
similar chromatographic mobility which on the evidence presented
could not be assigned a structure.

The seventh oligosaccharide (07) contained galacturonic
acid and rhamnose in the estimated (37,39) molar proportion of
1231 and after reduction with potassium borohydride the ratio
was 24331, On partial acid hydrolysis, galacturonic acid,
rhamnose and 2—gr(a—gfgalactonyranosyluronic acid}—%rrhamnose
were detected and these sugars together with rhamnitol were
obtained on partial acid hydrolysis of the derived glycitocl
(borohydride reduction). The cleavage products from the
methylated oligosaccharide were shown by gas chromatography to
be the methyl ester methyl glycoside of Z,S,u-tri-grmethyl-g-
galacturonic acid and the methyl glycoside of 3,h-di-O-methyl-
é—rhamnose together with other compounds giving peaks on the
chromatogram which could not be identified. The gas chromato-

gram of the products from the methanolysis of remethylated,
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reduced methylated oligosaccharide contained & complex nmixture
of peaks which could not be interpreted. On the evidence
presented no structure was assigned to this oligosaccharide.

The eighth oligosaccharide (0p) gave only gelacturonic acid
on hydrolyeis and was chromatogranhically and electronhoretically
indistinguishable from h-grajgfgalactopyranosyluronic BCing—
galactopyranosyluronic acid X. The sugar furnished & calcium

salt with a specific rotation similar to calcium digalacturonate.

a-D-GalpA i==l D-GalpA X

The ninth oligosaccharide (Og) gave only galacturonic acid
on hydrolysis and was chromatographically and electrophoretically
indistinguishable from g—a-gngalactopyranosyluronic geid=(1==l)
-0-a-D-galactopyranosyluronic acid—(1——'u)-gngalactopyranosyluvonic
acid XI. The sugar furnished a calcium salt with a specific

rotation similar to calcium trigalacturonate,

a.-g—GalBA | w— 1y a—g—GalgA |y g—GalgA X1

The information obtained from the partial depolymerisaticn
experiments on the polysaccharide complex isolated from soyuean

meal is summarised in the following flowsheets.
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The isolation from partial depolymerisation of the soybean
meal polysaccharide complex of a degraded polysaccharide
largely composed of galacturonic acid residues, together with
di- and trigalacturonic acide X and XI, suggested that the
polysaccharide complex could be clascsified as a pectic substance.
The terms pectic substances or pectic materials have been used
as & groun designation for complex colloidal carbohydrates which
contain galacturonic acid residues existing in linear chain-like
combination (85).

Although pectic acids have been shown to be polymers of
(1***&)-1inked,a-grgalacturonic acid residues XIV (86) more
recent studies of pectic acids and pectins have suggested that
neutral sugars exist as integral constituents of these poly-

saccharides XV,

ooy a-g—GalgA 1=>L aﬁg—Galgﬁ.1-*h qu—Ga;Eﬁ 1=>U a-gfealgg qeve

XIv

see

sssly a~D-GalpA 1+++l 0-D-GalpA 1+++l 6=D-GalpA 1~~2 L-Rhap 1+**
XV 3 R = (L—Arq{)n or (_Q-Galp)n

The pectic substance from sisal (87), which resisted
attempted fractionation, contained rhamnose, arabinose, and
galactose together with galacturonic acid as the main constituent

sugars. The fractionated pectic acids from several fruits and
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vegetables (88) yielded on hydrolysis galacturonic acid,
galactose, arabinose, xylose and rhamnose and these sugars were
also constituents of the pectic complex isolated from fresh-
water green algae Nitells translucens (89). Sugar beet pectic
acld was fractionated on diethylaminocethylcellulose and the
fractions isolated from the column contained arabinose and
galactose together with galacturonic acid (90,29).

Soybean hulls on extraction with cold and hot water yielded
pectic materials together with galactomannsns I and II. These
pectic acids were found to contain significant amounts of neutral
sugarse. Subsequent extraction of the hulls with 0.5% aqueous
ammonium oxalate yielded more pectic material which was examined
in greater detail (91). Chromatography of the pectic acid on
diethylaminoethylcellulose showed that the major portion of the
polysaccharide was eluted in a single band and hydrolysis of this
component gave galactose, arabinose, Xxylose, fucose, rhamnose and
traces of ?-Q-methylxylose and 2?-0-methylfucose, the sugars also
present in the parent pectic acid. Partial acid hydrolysis of
the pectic acid furnished a complex mixture of aclidic oligo-
saccharides from which Q—Qy(a-g-galactopyranoayluronic acid)-%r
rhamnose V was isolated and characterised ;3 preliminary
methylation reenlte indicated the presence in the structure of
(1-—*&)—linked.gfgalactose units.

Recently in this laboratory (92) commercial citrus pectin
was fractionated into a neutral galactan and an acidic component,

which being devoid of galactan contaminant, afforded on partial
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hydrolyses, h-grﬁﬂg-galactopyranosylﬁg:galactosa and the
corresponding trisaccharide, together with oligomers of
galacturonic acid and.zfgy(u-g-galactOpyranoayluronic acid)=-
£~rhamnoae Ve In thie respect citrus pectic acid is similar
to the polysaccharide complex from soybean cotyledon meal.

The isolation of the homologous series II of galactose-
containing oligosaccharides from the partial acid hydrolysate
of the soybean polysaccharide complex indicated that long side
chains of polygalactose units (XVI) were present in the structure.
Further proof of their existence in the polysaccharide complex
was provided by the gas chromatographic identification of a very

substantial amount of the methyl glycoside of 2,3,6-tri-Q-methyl
.gfgalaetose as a product of methanolysis of the methylated

polysaccharide complex (93).

."Ll- B-Q'Galg 1-'"-!» 5-2-0'&12 1-",4 ﬁ"__D_.-GalB 1"“"14. ﬂ—B—Galg qeee.
XVI

This structural feature XVI has been found in the galactans
associated with pectic substances (94,95) and those isolated from
Strychnos pnux-yomica seeds (96) and Norwegian spruce compression
wood (83).

The rapid release of arabinose units on mild hydrolysis of
the soybean meal pectic complex suggested that these sugar
residues were present in the furanose form, possibly mutually

linked and probably occupying peripheral sites in the molecular
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structurey; fucose wae also relecased rapidly and it has been
observed previously that affucOpyranosyl residues are readily
releacsed from terminal positions in tragacanthic acid, the
acid component of gum tragacanth (97,98). The isolation from
a more drastic partial hydrolysis of a degraded polysaccharide
compoged largely of galacturonic acid and xylose residues,
together with the detection of 2—gyu—£—fu00pyranosyl-g- |
xylose XII and 2-9_—ﬁ-£-ga1actopyranosyl-g-xyloae XIII as
deacetylation products from graded acetolysis of the soybean
polysaccharide complex, provided a further analogy with the
polysaccharide, tragacanthic acid XVII (98).

**°l a-D-GalpA 1=*L4 a-D-GalpA 1=*l a=-D-GalpA 1=-l a-D-GalpA {see

3 3 3

! f !

1 1 1
B—g:xy;g B-D-Xylp ﬂ-Qngig

> &

f !

1 1
a-L-Fucp ﬁ-g—Galg

XVII

The identification by gas chromatography of the methyl
glycosides of 2,3,u-tri-grmethyl-é-fucose, 2,3,4,6~tetra-0-
me thyl-D-galactose and Foli=di~ and 2,j,u-tri-g-methyl-g-xylose
from the methanolyeed methylated polysaccharide complex from
goybean meal (93) provided additional support to the suggestion

that the polysaccharide complex contained fucose, galactose and
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Xylose residues linked in a similar manner to those in
tragacanthic acid XVII.

The soybean polysaccharide complex, unlike tragacanthic
acid, afforded the aldobiouronic acid-2~g—(aﬂg-galactopyrano-
syluronic acid)jgrrhamnose V and in this respect resembles
the pectic acids isolated from lucerne (99), soybean hulls
(91), citrus pectin (92) and grape juice (100), =nd in this

respect also resembles the gum Cochlospermum gossypium (101,
102) and the gums of the Khaya and Sterculis genera (103-109).

The isolation of this aldobiouronic acid V and the tetra-
saccharide O0-a-D-galactopyranosyluronic acid=(1=> 2) ~Q-B=L=
rhamnopyranosyl-(1—=1.)~-0-a~D-galactopyranosyluronic acid-
(1——~2)—%rrhamnose IX indicated that the polysaccharide complex
contained chains of contiguous galacturonic acid and rhamnose
resldues,but it is not yet known here or in the case of pectic
acids whether these oligosaccharides srise from érrhamnoaa
residues interposed at intervals between blocks of (1=—*l)=-
linked a-grgalacturonic acid residues as in the plant gums of
the Khaya genus (103,104) or whether they arise from an
entirely separate portion of the structure.

Partial hydrolysis of the K. grandifolia gum (10L)
afforded the aldobiouronic acid 2-g-(a-grgalactopyranosyluronic
acid)—é:rhamnose V together with li=Q-(L-Q-methyl-D-gluco-
pyranosyluronic acid)-gngalactose and Q:g-galactopyranosyl-
uronic acid-(1=—2) -Q~L-rhamnopyranose-(1=—>L) -D-galactoses

The isolation of these oligosaccharides together with methylation



88. '

results (10L4) led to the formulation of the following partial
structure XVIII which incornorated the known structural features
of the polysaccharide which were similar to those of the major

polysaccharide component of K. senegalensigs gum (105).

esely GalpA 1==2 Rhap 1-*h,G312'1-*h GalpA 1=—=2 Rha2.1-*h GalpA 1=*L4 GalpA 1°°*°
A i )4 2

! f

1 1
Galp Galp
- h .
!
1
L¥e-D~GpA
XVIII

Recently in this laboratory (106) the gums, Sterculis

setigera (107), S. urens (108), 8. gaudats (109) and
Cochlospermum gossypium (101), have furnished on partial acid
hydrolyeis the aldobiouronic acid 2-93(aﬁa-galactopyranoayluronic

acid)—é—rhamnose V and the aldotriouronic acids Q-B~D-gluco-
pyranosyluronic acidp(1-—'3)-Qra—g-ga1actOpyranoay1uronic acid
(1= 2) -é—rhamnose and _Q_—a-_g-ga lactopyranosyluronic acid-
(1-—*h)—gra—g-galactogyranosyluronic acid-(1—-2)-grrhamnose
together with other aqidic oligosaccharides which suggested that,
like the gums of the Khaya genus, the rhamnose residues in these
gums were interposed between blocks of (1=—>l)-linked a-D-
galacturonic acid reslidues and constituted points of branching

in the main chain, but unlike the Khaya gums in that
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galacturonic acid residues also formed points of branching in
the main chain.

The isolation of 6-0-(B=-D-glucopyranosyluronic acid)-D-
galactose VI, h-g—(qu-glucopyranosyluronic acid)-g—galactoae
VIII and h-gr(B-grglucopyranoayluronic acid)jé-fucose VII from
the partial hydrolysate of the soybean meal polysaccharide
complex suggested that glucuronic acid residues may be present
in the structure ss end groups terminating side chains containing
galactose and fucose residues. Glucuronic acid has been
normally found in the gums of the Acacia genus occupying terminal
positions in the side chaine of (1= 6)-linked p-D-galactose
residues (110).

Methylation studies on the soybean meal polysaccharide
complex and studies on the partially degraded polysaccharide
will have to be completed before any definite structure can be
formulated incorporating the structural features already
elucidated. It can be stated however, that the soybean
cotyledon meal polysaccharide complex contains a number of
acidic polysaccharide components of apparently similar type
which appear to have certain structural features in common with
pectic acids, tragacenthic acid and certain plant gums,

particularly those of the Khaya and Sterculia generae.



SECTION II

EXPERIMENTAL
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S XTRACTION SC E .

Dehulled and defatted meal (800 g.) was successively
extracted with cold and hot water. The residual material from
these extracts underwent the following extraction procedures.

% aqueous

(i) The residue was extracted five times with O.
ammonium oxalate for L hr., at 80° and the resulting solutions
were centrifuged. The combined supernatsnt liquid was con-
centrated to half ite original volume and acidified to pH L5
with acetic acid in an attempt to precipitate protein. The
insoluble material (E1), (L7 g.), was removed at the centrifuge
and the polysaccharide material (E2), (30 g.), precipitated with
ethanol. The precipitate was separated, washed successively
with ethanol, acetone and ether, and dried in a desiccator.

(ii) Ammonium oxalate extracted matecrial was extracted
five times with 0.27% aqueous sodium hydroxide for 24 hr., at
room temperature. The extracts were centrifuged, the super-
natant liquid was acidified to pH L.5 and the proteinaceous
material (E3), (270 g.), was removed at the centrifuge. By
the addition of ethanol to the concentrated supernatant ligquid
a polysaccharide fraction (EL), (5 g.), was precipitated,
geparated and dried by solvent exchange.

(iii) The residue from procedure (ii) was five times
extracted with 5% aqueous sodium hydroxide in the manner described
above to yield a protein fraction (E5), (111 g.), and a poly=
saccharide fraction (E6), (25 ge)s The residue (E7), (30 g.) from
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the above procedure was washed free from alkaeli and dried by
solvent exchange.

The following Table I indicates the protein content (% N
x 6e¢25) of fractions E1 - E7 snd the relative proportions of

sugars given on total hydrolysis.

TABLE T,
Pro- Component Sugars
Fract- | tein
ien % GalA. Gale Man. Glus Aras Xyle. Fuce. Rib. Rha. MeS.
E1 1649 O S S ST ¥ S + + B Yo
E2 9.4 ++  +++  tPe . tPe 44+ 4+ + P +
E3 7946 ++ ++ + +  ++  #+ tr. + + -
Eh4 L5.8 +4+  4++  tPe tPe  ++ 4+ + + + +
ES 571 o 4+ + + + ++ + - + -
E6 5609 | ++ o + + + + + o+ +
E7 1543 ++ + tre tre tres ++ tr. - ++ -

MeS. = methylated sugars. tr. = trace.
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EXTRACTION SCHEME B,

The extraction scheme is summarised in the following flow

diagram.
Herl (Defatted and extracted with ethano%—water
Liz1
Extractive-free meal (1.5 kge)
extraction with 0,27 sodium hydroxide
(2 x 15 1.) then water at 90° (5 x 8 1.)
I |
Supernatant Resgidue
0.5% ammoniun
oxalate at 60°¢
(L x5 1.)
Supernatant Residue
concentrated, adjusted to
adjusted to pH 7
pH L5 precipitated
with ethanol
extraction with
5% NaOH for
Ppte M Ppte M2 24 hre (L4 x 5 1.)
(146 go) (15 ge)
Supernatant
|
adjusted to adjusted to Residue M5
PH Le5 pH 7, (13 go)
precipitated
with ethanol
Ppt. M3 Ppte ML
(9.2 g) (47 g.)
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This scheme involved an extraction of the meal with cold
very dilute alkali to solubilise the protein present prior to
ammonium oxalate and sodium hydroxide extraction procedures
otherwise the extraction techniques were the same as those
indicated ih Scheme A

The following Table 2 indicates the protein content of
fractions 41 - M5 and the relative proportions of sugars

given on hydrolysis.

IABLE 2,
Pro= Component Sugars

Fract- | tein

ion % GalAe Gale Mane Glu. Ara. Xyl. Fucs Rib. Rha. MeS.
M1 52¢l4 | ++ B = S S + + + tr.
M2 367 | ++ ++  tre tre ++  ++ ++ + o+ +
M3 LOWO | ++ b - + o+ + tr. + tr.
ML 243 - ++  ++ e+ ++ ++ ++ + 4+ +
M5 10,6 + + tre ++ + ++ - - + -

MeS. = methylated sugar tr. = trace

The soybean meal 0.57 aqueous ammonium oxalate extract M2
had [u.]D +5U4° (g 140 in water), U.Ae 27.0% (uronic anhydride

determined by decarboxylation), and ash content 0.857.
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Fractionation of Soybean Meal Polysaccharide
Extract M2 on Diethylamincethyl 1 S€e

(1) A sample (1450 mge.) of the polysaccharide mixture was
dissolved in water (20 ml.) and added to a column (30 g.) of
diethylaminoethylcellulose in the phosphate form. The column
was eluted successively with 0,025, 0,05, 01, 0e25 and 0.5
li-sodium dihydrogen phosphate buffer at pH 6.1, and then with
Oely 0e25 and 045 g-sodium chloride solution and finally with
0.2l£-aqueous sodium hydroxide. Fractions (25 ml.) were
collected and analysed by the phenol-sulphuric acid method and
a plot of sugar content per 25 ml. fractions against tube number
is shown on the accompanying diagran. Five polysaccharide
fractions were detected and the contents of the appropriaste
tubes were combined, dialysed, concentrated and freeze-dried.
The results of examination of these fractions are indicated

in the following Table 3.

TABLE 3,
Fract Wte [q] e Component Sugars

-ion | (mge) D| "*"*| GalA. Gal. Mane. Glue. Ara. Xyl. Fuc. Rha. MeS.

1 0¢5 - - tr. + + + + + - - -

2 88 | +L40° | 30% + ++ - -+ 4+ + + +

3 191 | +56° | 32% + + - - 4+ et + + +

L 7 - - +++ b+ + T o o S S + -

5 T ~ - +4++ ++ ++ +4+ bbb bt + + -
MeS. = Methylated sugars

UeAe = Uronic anhydride determined by decarboxylation.
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(ii) A sample of the polysaccharide mixture M2 was dissolved
in water (20 ml.) and absorbed on a column (30 g.) of diethyl-
enminoethylcellulose in the acetate form. The column was eluted
with 0,025, 040L, Oel and 0.2 li-sodium acetate buffer at pH L.05
and then with 0.2, 0«5 and 1.0 gfsodium chloride in 0,02 M-
sodium acetate buffer at pH L.05. Column fractions (25 ml.)
were collected and analysed by the phenol-sulphuric acid method.
A plot of sugar content per 25 ml. fractions against tube number,
as shown opposite, indicated the presence of three major and a
very minor fraction, all of which were isolated as previously
described.

Examination of these fractions gave the data shown in the

following Table L,

TABLE L,
'Fract Wt. .[a] UsAs Component Sugars
-ion |(mg.) D CalA. Gale Mane. Glue Ara. Xyle. Fuc. Rha. leS.
1 113 | +b2® | 21% ++ 44+ tPe tPe  H+ 4+ 4+ FEE +
2 3 - - tr. - +4 + - - - -
3 66 | +23° | 27% ++  ++  tr. - kE FEE 4
L 195 | +77° | W% | +++4 4+ tr. R R s T S S S
MeB. = Methylated sugars.
UsAe = Uronic anhydride, determined by decarboxylation.
tr. = trace.
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Attémgtgd Practionation of the Ammonium
Oxalate Extract M2 by Precipitetion Technigues,

a) Salt form h _cupri tate.

Aqueous cupric acetate (7%) was added to a 17 solution
of the polysaccharide mixture in water to form & precipitate.
The cupric acetate solution was added until complete precipi-
tation had occurred and the insoluble material was removed at
the centrifuge. %thanol (5 vol.) was added to the supernatant
but no further precipitation occurred. The polysaccharide
mixture appeared to be completely precipitated as insoluble
copper salts and it appeared unlikely that fractionation could

be achieved by this methode.

b) alt format um_ch .

Aqueous calcium chloride solution (107%) was added to
a 1% solution of the polysaccharide in water but no precipitate
was formed. Ethanol (1 vol.) was added tc the mixture and a
precipitate separated and wes removed at the centrifuge. The
addition of ethanol (5 vol.) to the supernatant failed to
induce further precipitation. It seemed unlikely that the
fractionation of the mixture could be obtained by variations

in the solubility characteristics of the calecium salte.

Aqueous cetavlon solution (2%) was added to a 17 agueous

solution of the polysaccharide mixture and an immediate precipitate
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formed. Precipitant was added until complete precipitation had
occurred. The insoluble material was removed at the centrifuge
and the centrifugate adjusted to pH 10,0 with ammonium hydroxide
in an attempt to precipitate additional material. No precipi-
tate formed and the addition of alcohol (2 vol.) also failed to
promote precipitation. The polysaccharide mixture again

appeared to precipitate uniformly.
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Small-scale Partial Hydrolyses of Soybean

Meal Polysaccharide Fraction 2.

(1) Wwith 0.02-sulphuric acid.

The polysaccharide (0.25 g.) was heated in 0,02 N-
sulohuric acid (12.5 mle) on a water bath at 100°, Samples
(2 ml.s) were withdrawn at intervals, neutralised with barium
carbonate, treated with Amberlite IR-120(H) resin, were con-
centrated, and examined by chromatography in solvents A and D,
The results indicated the release after 1 hr. of small amounts
of arabinose and fucose, after 2 hr. these sugars together with
traces of galactose, after 3 - 6 hr. greatly increased amount
of arabinose relative to fucose and galactose, and after

5 = 11 hr. traces of xylose in addition to the other sugars

already mentioned.

(2) Wwith §-sulphuric acid.

A sample of the polysaccharide (0.5 g.) was dissolved
in water (12.5 ml.) and 2 I-sulphuric acid (12¢5 ml.) was added.
The solution was heated on a boiling water bath and samples
(1 ml.) were taken hourly from the commencement of the experiment,
neutralised with barium carbonate, were filtered and deionised
with Amberlite IR-120(H) resin, concentrated, and were examined
by chromatography in solvents A and D. The results indicated
the maximum production of acidic oligosaccharides after L - & hr.
Dupring the early stages of the hydrolysis a neutral disaccharide,

Rglucoae 0.3 and O.L4 in solvents A and D, was detected. This
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oligosaccharide was later shown to be galactobioses

A further quantity (0.5 g.)of the polysaccharide waes heated
in ﬂ-sulphuric acid for L4 hr. at 100°, A flocculent residue
which remained after this treatment was removed at the centrifuge
and degraded polysaccharide was nrecipitated by the sddition of
acetone (1 vol.); acetone was removed by evaporstion and the
acidic solution was neutralised by shaking with methyldi-n-
octylamine (57 v/v in chloroform) snd concentrated to a syrup.
The syrup in water (5 ml,) was added to a column of diethyl-
aminoethyl-Sephadex (2 g. formate form).

The column was eluted with water to yield a mixture of
neutral csugars, including galactose, mannose, gluccse, arabinose,
xylose, fucose, rhamnose and methylated sugsrs. This mixture
was reduced with potassium borohydride and hydrolysed with
Oei gfsulphuric acid for L hr., neutralised with barium carbonate,
deionised with Amberlite IR-120(H) resin, concentrated and
examined by chromstogranhy in solvents A and Ds. Only trace
quantities of the monosaccharides were detected indicating that
very little, if any, neutral oligosaccharides were present in
this fraction.

Elution of the column with a gradient O - 0.5 N-formic acid
gave five main fractione. Fraction 1 contained an acidic oligo-
saccharide, RGalA 0.80 in solvent A, which gave galacturonic acid
and rhamnose on hydrolysie; fraction ? contained galacturonic
acid and two oligosaccharides Rg,qp 0«80 and 0,57 in solvent Aj

fraction 3 contained s single ollgosaccharide Rguyp ©e11» which
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gave galacturonic acid and rhamnose on hydrolyesiss fraction 4 and
5 each contained a single component, RGalA 0¢22 and 0,05,

probably di- and trigalscturonic acid respectively.

(3) Agetol Followed by Deace on.

The polysaccharide (1 g.) was dispersed in acetic
anhydride (25 ml.) and acetic acid (25 ml.) and concentrated
sulphuric acid (2.5 ml.) was added dropwise to the cooled
solution. The acetolysis mixture was shaken vigorously for
1 hr. after which time the polysaccharide had completely dissolved.
The solution was kept at room temperature and samples (10 ml.)
were withdrawn every 24 hr., poured into ice-water (50 ml.), and
the solutions were brought to »H l=5 by the addition of sodium
hydrogen carbonates Acetylated esugars were extracted with
chloroform, and the solutions dried over anhydrous sodium
sulphate and concentrated. The resulting syrups were dlissolved
in methanol (20 ml.) and chloroform (5 ml.), 0«5 K-barium
methoxide (5 ml.) was added, and the solutions were allowed to
stand for 24 hr. at 0°, Dilute sulphuric acid was added to
pH 7, barium sulnhate was removed by centrifugation, and the
solutions were concentrated and examined by chromatography in
solvents A, B and D. The results indicated that the optimum
time for the formation of oligosaccharides was after acetolysis
for 72 hr. The various mixtures, which contained qualitatively
gimilar mixtures of monosaccharides (galactose, mannose, arabinose,

xylose, fucose and rhamnose and traces of methylated sugars, and
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oligosaccharides, were absorbed on & squat charcoal column (10 g.)

and eluted with water to remove monosaccharides.

Oligo=~

saccharides were eluted with 357 aqueous ethanol and chromato-

graphed in solvents A and D to indicate five main bands. The

five oligosaccharide fractions were separated by chromatography

on filter sheets, and hydrolysis of each indicated the main

constituent sugars s shown in the following Table 5.

IABLE O,
- gt Rl s
Oligosaccharide Chromatographic Mobilities
Fraction RglucOSe Hydrolyeis products
Solvent A Solvent D

A Os1 0.25 Gal (+++)y Xyl (+++),
Glu (+), Fuc (+),
Rha (-!-), Ara (tro)

B 0e3 Oeli Gal (++), Xyl (++),
Ara (tr.)

C 0e57 0.78 Gal (++++)y Xyl (++++),
Rha (++), Ara (+)

D 0.9 1.08 Gal (++), Ara (++),
Xyl (++++), Rha (++),

E 1410 1022 Gal (++)p Xyl (++++),
Fuc (++)
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The figures in parenthesis indicate aprroximate proportions
of" the hydrolysis products. Oligosaccharides C and E had similar
chronatographic mobilities to those of :"-Q-B—g-galactopyranosyl-
g-xylose and ?-g_-a,-;—mcopyranosyl-g—xylose respectively.
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EXTRACTION SCHEME C,

The extraction scheme is summarised in the following flow

sheet.
Pat-free meal (after extraction with
boiling ethanol-water)

extraction with 0.27 sodium hydroxide
for 1 hr. (3 x 15 1.)

Supernatant

|
Resldue

extraction with
2% EDTA(Naz) for
LI- hr. at 90°
(5 x 10 10)

Supernatant

adjusted to pH L5

|
| Supernatant
Protein ppt. precipitated with ethanol
ME1 (11 ge)

Ppts ME2 (103 g.)

Regidue

0+57 smmonium
oxalate for L hr.
at 90° (5 x 8 1.)

|

Supernatant

edjusted to pH L5
| |
Supernatant

precipitated with ethanol
Ppte. HELI- (1o7 g.)

Protein npt.
ME3 (14 ge)

Residue

extraction with
5% 1iaOH for 6 hr.
(14 x 8 1.)

Supernatant

adjusted to pH L.5
1

Supernatant
precipitated with ethanol
Ppte. ME6 (28 g.)

'
Protein pot.
ME5 (98 ge)

Residue (90 go)
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The following Table 6 indicates the protein content (7 N
X 6.25) of fractions ME! - ME6 and the relative proportions of

sugars given on hydrolysis of the polysaccharide Tractionse

IﬂlBlﬁ .f'E
» Pro- Component Sugars
ract| tein
-ion % GalAe Gales Man. Glue. Ara. Xyl. Fuce. Rha. MeS.
ME1 553
ME2 640 | ++ ++ + R - + +
ME3 725
MBL 648 ++ +4+ + + 4+ b + + +
MES 8040
ME6 235 | +++ ++ + + ++ o + + +

MeS. = methylated sugar.

The soybean meal ethylenediaminetetraacetic acid disodium
salt extract ME2 had [a.]D + U1°, (e 1.8 in water), U.A. 26%
(uronic acid content deternined by decarboxylation) and ash

content 0.1 7%,
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Freoctionation of Soybean Meal Polysaccharide

Extract ME2 on Disthylaminoethylcellulose.

A sample (1 ge) of the polysaccharide mixture was dissolved
in water (30 ml.) and added to a column (60 g.) of diethyl-
aminoethylcellulose in the phosphate form. The column was
eluted with water, 0.025, 0.05, C.1, 0.25 and 0.5 %—aodium
dihydrogen phosphate buffer at pH 6.1, and then with O.1, 0.25
and 0.5 g-sodium chloride solution and finally with 0.2 g-aqueous
sodium hydroxide. Fractions (25 ml.) were collected and
analysed by the phenol-sulphuric acid method and a plot of sugar
content per 25 ml. fractions against tube number is shown on the
accompanying diasgram. Five polysaecharide fractione were
detected and the contents of the appropriate tubes were combined,
dialysed, concentrated and freeze dried.

Samples (5 = 10 mg.) of the five fractions were heated in
0«5 N-sulghuric acid for It hr. at 100°, The resulting acid
solutions were neutralised by shaking with Amberlite LA-2 resin
(5% v/v in light petroleum) and were passed through columns of
Amberlite IR-120(H) reein and concentrated to smell volumes.
Diethylaminoethyl-Sephadex (formate form) was added and the
mixtures allowed to stand overnight. The Sephadex was removed
by filtration and the filtrates concentrated to give mixtures of
neutral sugars which wére chromatographed in solvents A and B.
The Sephadex was washed, on the filter, with C.5 grformic acid
and the filtrates concentrated to yield mixtures of acidic sugars

which were examined by chromatography in solvent A.
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The major fractions 2 and 3 were subjected to graded
acetolysis. The fractions (50 mg.) were added to cold acetolysis
mixtures [acetic anhydride (5 ml.), acetic acid (5 ml.), and
concentrated sulphﬁric acid (0.5 ml.)] and the resulting solutions
kept at roonm teﬁperature for 72 hr., then poured into ice-water
(20 ml.) and the resulting solutions were brought to pH L-5 by the
addition of sodium hydrogen carbonate. Acetylated sugars were
extracted with chloroform and deacetylated with C.5 [-barium
methoxide as described in previoue graded acetolysis experiments.
The resulting mixtures of sugars were absorbed on charcoal columns
(10 ge) and elution with water yielded mixtures of monosaccharides
(galactose, arabinose, xylose and fucose and rhamnose in trace
amounts, , and subsequent elution of the columne with water con-
taining 357 ethanol gave mixtures of oligosaccharides which were
examined chromatographically in solvent A,

The data obtained from the examination of the fractions from
the diethylaminoethylcellulose column is given in Table 7 and
includes the relative proportions of sugars given on partial
depolymerisation of the polysaccharide fractions.

It was noted that the polysaccharide, fraction 3, did not
yield galactobiose or galactotriose on partial hydrolysis with
Ceb g—sulphuric acid for 4 hr. at 100¢. A further partial
hydrolysis of this polysaccharide with the same strength of acid
but for half the hydrolysis period again feiled to furnish these
oligosaccharides as hydrolyeis products, but partial hydrolyeis
with O.1 grsulphuric acid for 6 hr. yielded them in small amounts.
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IABLE 7.
1 2 > i 5
Fractions 18te ; 2nd.
Major Major
Wte (mge) 11.6 6L2 111 557 22,3
[a]g +20° | +38° +4li® +21° | #19°
Partial Hydrolysis
Neutral Fraction Gals E + A + +
' Gals A+ 34 S 3+ 3+
Gal. 5+ 5+ 24+ L+ TS
Glue tr. t1r. tr. tr. tr.
Mans — tr. tr. tr. e
Ara. + 54+ 2+ L+ T
Xyle + 3+ 5+ 34 i
Fuce. e tr. + e ——
Rha. tr. tr. tr. e g
HeS. —— tre. tr. e s
Aeidic Fraction GalA. + L+ 5+ 2+ +
" 0458 a— 2+ + + —
1 0.22 ——— 2+ 3+ + m—
" 0e11 e 2+ 2+ 2+ —
Acetolysis Rglucose 1410 2+
= 0.9'4 2+ +
" 057 L+ 3+
s 0.30 2+ +
2 0.10 + —
Rglucose and R values are quoted for solvent A 3 U.A.= Uronic

GalA
Anhydride by decarboxylation.

MeSe = methylated sugarj; tr. = trace.

Galy and Gals represents the oligosacchprides containing (1=—=L)-
linked B—g-galactopyranoae residues.



Polysaccharide Extract ME2 with 0.5 g—s‘»ulphuric Acid.

The polysaccharide (20 g.) wae heated in Q.5 N~-gulphuric
acid (1 1.) on a boiling water bath for 4 hr. A small quantity
(130 mg.) of degraded polysaccharide was separated at the centri-
fuge and gave on hydrolysis galacturonic acid (+++), glucose (++),
galactose (trace), mannose (trace), xylose (+++), rhamnose (+),
and methylated sugars (+). The hydrolysate was poured into
acetone (1 vol.) and degraded polysaccharide (1.72 g.) which
separated, gave on hydrolysis geslacturonic acid (+++), galactose
(trace), xylose (+++), rhamnose (+) and methylated sugars (+).
The supernatant liguid was concentrated to remove acetone and
sulphuric acid was neutralised by shaking with methyldi-n-octyl-
amine (5% v/v in chloroform), and the asqueous solution was passed
through Amberlite IR-120(H) resin and concentrated to a syrup
(12.2 ge)o The syrup was absorbed on charcoal (500 g.) and_the
equat column eluted with water (10 1l.) to yield a mixture of
monosaccharides (5.91 ge) chromatographically identified as
rhamnose, xylose, arabinose, galactose, mannose and galacturonic
acid.

Elution of the column with water containing 357 of ethanol
furnished a syrup (3.42 g.) which contained a mixture of neutral
and acidic oligosaccharides together with small amounts of two
methylated sugars and traces of arabinose and galactose. The
syrup wae then absorbed on a column of diethylaminoethyl-Sephadex

(formate form) (LO g.) and elution with water (3 1l.) gave a
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mixture of sugars (1.65 g.) containing two methylated sugars,
galactose, arabinose and a number of neutral oligosaccharides.
Hydrolysis of a sample of this mixture gave the two methylated
sugars, arabinose and a very much enlarged galactose content
indicating that the neutral oligosaccharides were essentially
composed of galactose moieties. Subsequent elution of the
Sephadex column with 0.5 grformic acid (L 1.) gave & mixture
(0e91 go) of acidic oligosaccharides Raaina 0e75, 0455, 0,40,
Oe3ly, 0e28, 0,22 and O.11, similar to those isolated in a later
experiment.

The mixture (1.5 ge.) of neutral sugars was added to a
column of charcosl-Celite (1:1, LOC g.) and the column was eluted
with water containing increasing proportions of ethanol.
Fractions (25 ml.) were taken and a sample of every tenth tube
was examined by chromatography in solvent B and the following

eleven bulked fractions were obtained.
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EXAM ON__OF BUT OLIGOSACCHARIDES

Epaction 1
The syrup (10 mg. 3 eluted with water containing 1.0 -

5,07% of ethanol) contained traces of oligosaccharides and a

sugar, 202 in aolvenf D, which was chromatographically

Rglucose
identical to 2-0-methylxylose and gave xylose on demethylation

with boron trichloride.

Fraction 2
The syrup (27 mg. 3 eluted with water containing 1.0 -

5.0% of ethanol) contained traces of arabinose and galactose

together with a sugar, 2¢3L in solvent D, which was

Rglucose
chromatographically identical to ?-0O-methylfucose and gave only

fucose on demethylation.

Fraction 3
The syrup (32 mge 3 eluted with water containing 1.0 -

5.0% of ethanol) contained traces of arabinose and galactose and
a mixture of oligossccharides of similar chromatographic mobility

R Oeli3 and OJL0 in solvents B and D which stained yellow

glucose
and red with p-anisidine hydrochloride. The mixture of oligo-

saccharides was separated from the monosaccharides by chromato-
graphy on filter sheets in solvent B, and on hydrolysis gave

galactose and traces of arabinose and glucose.
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Eraction li
The chromatographically pure sugar (L10 mg. 3 eluted with

water containing 57 of ethanol), Mg 0.8, R 0«13 and

glucose

R 0e55 in solvent B, stained yellow with p-anisidine

galactose
hydrochloride and gave galactose on hydrolysis. The sugar was
crystallised from ethanol-water and after recrystallisation the
crystales had m.p. and mixed mep. 204°, [a]D +90.6° (10 min.)
- 4167.7° (equils) (g 2.5 in water) and gave an X-ray powder
photograph identical‘to an authentic sample of h—grﬂjg-galacto-
pyranosyl—g-galactose.
The sugar (90 mg.) was methylated by shaking with methyl
iodide (20 ml.), dimethylformamide (10 ml.) and silver oxide
(5 go) at room temperature in the dark for 2L hr. The mixture
was filtered and the residue washed with chloroform and the
filtrate and washings concentrated to yield partially methylsted
disaccharide. This procedure was repeated twice to give a fully
methylated product (60 mg.) which was methanolysed with 3%
methanolic hydrogen chloride (25 ml.) for 6 hr. at 100° and the
resulting methyl glycosides were hydrolysed with L% hydrochloric
acid (20 ml.) for 3 hr. at 100°, The solution was neutralised
by passage through a column of Amberlite IR-I5(0H) resin and the
eluate concentrated to a mixture of sugars which was chromato-
graphed on filter sheets in solvent J to yield two sugar fractions.
The sugar (20 mg.) R, 0.80 in solvent J, [a.]D +101°
(¢ 140 in water) was chromatographically identical to 2,3,L,6-

tetrafgrmethylﬂg-galactoae and gave a characteristic aniline
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derivative mep. and mixed m.p. 197-198°.

The sugar (21 mg.) Ry 053 in solvent J, [a]D +82°
(¢ 0497 in water) was chromatographically identical to 2,3,6-
tri-gymethyljg-galactose and on oxidation with bromine-water
gave a lsctone m.p. 98° undepressed on admixture with an

authentic sample of 2,3,6~tri-Q-methyl-D-galactonolactones

The disaccharide (50 mge) in water (5 ml.) was oxidised
with bromine (0.5 ml.) in the presence of barium carbonate
(50 mge) . The mixture was shaken vigorously for 15 mine. and
stored for 72 hr. in the dark at room temperature with occasional
shakinge The mixture wasgs then serated until colourless,
filtered, and the barium ions removed from the resulting solution
with Amberlite IR-120(H) resin. The solution was neutralised
by shaking with Amberlite LaA-2 resin (5% v/v in light petroleum)
and concentrated to a syrup which was washed with chlorcform to
remove traces of liquid resin. The oxidised sugar was methylated
by shaking with methyl iodide (10 ml.), dimethylformamide (10 ml.)
and silver oxide (2.5 ge) at room temperature in the dark for
24 hr. The mixture was filtered and the residue washed with
chloroform and the filtrate and washings concentrated to a syrup
which was further methylated thrice to yield a fully methylated
product (26 mg.), a sample of which was methanolysed and the

products examined by gas chromatography and the results are shown

in Table 8.,
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The fully-methylated oxidised product was methanolysed with
3% methanolic hydrogen chloride (10 ml,) for 6 hr. at 100° and
the resulting methyl glycosides were hydrolysed with L7
hydrochloric acid (10 ml.) for 3 hr. at 100°, The resulting
solution was neutralised with barium carbonate, filtered,
concentrated to dryness and extracted with chloroform. The
residue was dissolved in water and acidified with N-hydrochloric
aclid, evaporated to dryness and extracted with chloroform-ether
mixtures. The chloroform extract was tconcentrated to a syrup
which was paper chromatographically identified as 2,3,4,5-tetra-
Qrmethyl-grgalactoae and the chloroform-ether extract was found
to contain a mixture of the tetramethylgalactose and 2,3,5,6-
tetra—g-methyl-grgalactonolactone which was separated on a filter
sheet in solvent H,.

The 2,3,4,6~tetra-Q-methyl-D-galactose, (8 mg.), Ry 097
in solvent H, gave a characteristic aniline derivative m.p. and
mixed mep. 197°%.

The 2,3,5,6-tetra=0-methyl-D-galactonolactone, (6 mg.),
RG 1412 in golvent H, was treated with methanolic ammonia (10 ml.)
at =5° for 24 hr. The excess reagent was removed by evaporation
to yield the amide which was recrystallised from alcohol and gave

& mePe and mixed m.p. 162°,
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Relative Retention Time T
Methyl glycosides -

Column b * Column s

2,3,uig-tetra-grmethyl

ng“ga ctose 1 n56 1480
24345,6=tetra=0-methyl
-D-galactonolactone 2.28 L.45

® Column ¢ was 3% neopentylglycol adipate on Celite.

Fraction 5

The syrup (27 mge 3 eluted with water containing 10 - 12%
of ethanol) contasined the oligosaccharide in fraction L and a
mixture of oligosaccharides of similar chromatographic mobility,

Rolucose Ce21y Roylactone 0027 18 solvent B and R.;, 4006 0.13 in
solvent D, which stained yellow and red with p-anisidine hydro-

chloride, and gave on hydrolysis galactose and traces of arabinose

and glucose.

Fraction 6
The chromatographically pure sugar (229 mg. 3 eluted with

water containing 127 of ethanol), Rgyycoge 0s21 and R_ 1. 4006
027 in solvent B, U, 0.L0, la]y +57+5° (g 1+1 in water), stained

yellow with p-anisidine hydrochloride and gave only galactose on
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hydrolysis. Partial acid hydrolysis of the trisaccharide gave
galactose and hfg—ﬁ-grgalactopyranoayljg-galactose.

The methanolysis products from the methylated trisaccharide
were examined by gas chromatography and the following results

shown in Table 9 were obtained.

TABLE 9,

Relative Retention Time T

Methyl glycosides o -
Column & Column b

2,%5L,6-tetra~0-methyl
ﬁg—gaiactose 181 163
2,3,6-tri—grmethy1-g- 3.178 3.89vw 225w 2.55m
galactose he25w lobHm 1.618

A sample (10 mg.) of the trisaccharide in water (5 ml.) was
oxidised with bromine (0.2 ml.) in the presence of barium
carbonate (30 mg.). The mixture was stored for 72 hr. in the
dark at room temperature, then aerated until colourless, filtered,
deionised with Amberlite IR-120(H) resin and Amberlite LA-2 resin
(5% v/v in light petroleum) and concentrated to a syrup which was
methylated by three successive treatments with Kuhn reagents
[methyl iodide (5 ml.), dimethylformamide (5 ml.) and silver
oxide (1.5 gs)]s The methylated oxidised trisaccharide was
methanolysed with 37 methanolic hydrogen chloride for 6 hr. at

100° and a portion of the methyl glycoside mixture was examined
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by gas chromatography which furnished the results shown in
Table 10. The remaining mixture of methyl glycosides was
hydrolysed with L% hydrochloric acid (10 ml.) for 3 hr. at 100°
and the resulting solution neutralised with barium cerbonate,
filtered, concentrated to dryness and extracted with boiling
chloroform. The residue was dissolved in water, made acid
with g—hydrochloric acid, evaporated to dryness and extracted
with chloroform-ether mixtures. The chloroform extract was
concentrated to a mixture of sugars, shown by chromatography
in solvent H to contain 2,3,4,6-tetra- and 2,3,6-tri-0-methyl-
D-galactose R, 0.96 and 0.82 respectively. The chloroform-
ether fraction was found to contain a trace of tetramethyl-
galactose and ?,3,5,6-tetra-grmethyl-g-galactonolactone R, 112
which was detected with the hydroxylamine-ferric chloride spray
reagent (23).

T E_10
Relative Retention Time T
lethyl glycosides —
Column b Column ¢
2,3,k ,6=-tetra=Q-methyl
.g—galactoae 156 180
-D-galactose 1456 3.00 La24
2,3,5,6=tetra=-0-methyl
-D~galactonolactone 2420 he39

Column ¢ was 3% neopentylglycol adipate on Celite.
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Fraction 7

The syrup (81 mge 3 eluted with water containing 17.5 -
% 11
20% of ethanol) contained a main component Rglucose Od11,

° 1 t G
Rgalaetoae Oe1l in solvent B and Rgalactose 0.6 in solvent G,
which stained yellow with p-anisidine hydrochloride, together
with a trace of a second component of similar chromatographic
mobility which stained red. {ydrolysis of the oligosaccharide

mixture gave galactose and traces of arabinose and glucose.

Fraction 8
The chromatographically pure suger (111 mgs 3 eluted with
fir d
water containing 20% of ethanol), Rglucose Osi1, Rgalactoae Ol

in solvent B and R 0.6 in solvent G, iy 0435, [a.]D +52°

galactose
(¢ 140 in water), stained yellow with p-anisidine hydrochloride
and on partliasl acid hydrolysis gave galactose, galactobiose and
galactotriose. The tetrasaccharide was methylated and
methanolysed and the resulting methyl glycosides were examined
by gas chromatography and shown to have the retention times of
methyl glycosides of 2,3,h,6=-tetra- and 2,3,6-tr1—g-methy1-gf

galactose.

Eraction 9
The syrup (58 mg. 3 eluted with water containing 307

ethanol) contained a mixture of sugars which was chromatographed
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on filter sheets in solvent G to give two fractions.

a) The minor fraction (10 mg.) was chromatographically
and electrophoretically indistingulishable from galactotetraose
found in fraction 8.

b) The major fraction (28 mg.), R 0«07 and 045

galactose
in solvents B and G respectively, MG 0«33, on partial acid
hydrolysis gave galactose, galactobiose, galactotriose and
galactotetraose. The methanolysis producte of the methylated
pentasaccharide were examined by pas chromatography and con-

tained the methyl glyccsides of 2,3,4,6-tetra- and 2,3,6-tri-Q-methyl

~D=-galactose.

Fraction 10
The syrup (19 mge 3 eluted with water containing 30%

ethanol) contained two oligosaccharides which were separated on
filter sheets in solvent C.

a) The chromatographically pure sugar (L mg.) R 0.07

galactose
and O.L5 in solvents B and G was chromatographically and electro-
phoretically indistinguishable from galactopentaose (fraction 9b).

b) The chromatographically pure sugar (7 mg.) Rgalactose 0,04
and Ce3lh in solvents B and G, MG 0«31, on partial acid hydrolysis
gave galactose, gaslactobiose, galactotriose, galactotetraose and
galactopentaocse. The methyl glycosides obtained from methanolysis
of the methylated hexasaccharide were examined by gas chromatography

and found to have the retention times of the methyl glycosides of
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2,3,4s6~tetra- and 2,3 .6-1;1'1-g-methyl-g-galactose.

Epaction 11
The syrup (10 mg. 3 eluted with water contailning 30%

ethanol) contained three oligosaccharides R 0e3L

galactose

(chromatographically similar to galsctohexaose), R 0425

galactose

and R 018 in solvent G. The syrup on partisl acid

galactose
hydrolysis gave galactose and the oligosaccharides mentioned

in previous fractions. Gas chromatographic examination of

the methyl glycosides from methanolysis of the methylated mixture
of hexa-, hepta=-, and octacaccharides indicated the presence of
the methyl glycosides of 2,3,li,6-tetra= and 2,3,6-tri-Q-methyl-

gn-galactose.
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L - e Parti Hydrol Soyb I

olysacchari Extract ME2 th N-S5 uri

Soybean meal polysaccharide (20 g.) waes heated in g -
sulphuric acid (1 1.) on the boiling-water bath for 7 hr.
A small quantity (99 mge) of degraded polysaccharide was removed
at the centrifuge and on total hydrolysis yielded galacturonic
acid (+++), glucose (+++), xylose (++) and rhamnose (+). The
hydrolysate was poured into acetone (1 vol.) and the degraded
polysaccharide (1.0L go), which separated, gave on hydrolysis
galacturonic acid with traces of xylose and rhamnose. The
supernatant liquid was concentrated to remove acetone and the
sulphuric acid was partially neutralised with saturated barium
hydroxide solution. The precipitated barium sulphate was
removed at the centrifuge and the supernatant completely
neutralised by shaking with Amberlite LA-2 resin (5% v/v in
light petroleum). The solution was then passed through a column
of Amberlite IR-120(H) resin and finally concentrated to a syrup.
The mixture of sugars was added to a charcoal column (500 ge)
and elution with water gave a monosaccharide fraction (1L g.)
containing galacturonic acid, pgalactose, xylose, arabinose,
rhamnose and fucose. Elution of the column with water containing
357 of ethanol gave a syrup (3.65 g.) which was absorbed on a
column of diethylaminoethyl-Sephadex A-25 (50 ge 3 formate form).

Elution of the column with water gave a mixture (705 mge)
of neutral sugars including galactose and arabinose, two methylated

sugars, and galactose-containing oligosaccharides identical to
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those mentioned in the previous experiment. The column was
then eluted with formic acid solutions of increasing strength
to give the fractions shown in Table 11, and further fractionation

was carried out by chromatography on Whatman filter sheets using

solvents A and Ce.
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TABLE 11.

Chromatography (RGalA)

Fract| Wwt. Formic Acid | Component Relative
~ion | (mge) in Eluant Sugars oot T Boivent C Amounts
i L3 0+05 I GalA. 1400 1400 ++

01 0.78 1.00 4+
Sugar 04146 Oe79 tr.
e LY 4 0.05 N 01 0.78 1400 Pt
Sugar 0.6 0.79 +
GalA. 1400 1.00 ++
01 0.78 100 e+
l‘- 61 0.05 g Sugar 0.‘46 0&79 ++
O2 0420 0«55 ++
Sugar 0,05 0e31 ++
. GalA. 100 100
03 0658 0.93 ++
Oz 0420 0«55 +H++
Galﬁu 1 .00 100(.: 131'.
01 0,78 1.00 tr.
6 78 0.05 & 03 0.58 093 e+
t Oh 029 0.69 +
0;? 0.20 0055 +
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T E_11 cont

Fract| Wt. | Formic Acid |Component | Chromatography (Ry. 1.)[ pejative
-ion | (mg.) in Eluant Sugars Amounts
Solvent A | Solvent C
7 18 0.05"’0.’-} a Gallde. 100 100 ++4
01 0-78 100 ++
Sugar i 0+13 tr.
9 18 OelLi E Os 012 O.u48
Sugar o Cel13 tr.
10 5l 0.l=0.5 N 07 0423 0.67 PO
06 012 0.48 +
Sugar Wnaee Oel13 +
Sugar e 0.13 tr.
07 0023 0.67 tI'.
12 81 Oeli=045 ﬂ Og 0420 Oe5H1 +++
Og 0.05 0.22 tl‘.
= Og 0,05 0622 ++
Og 0«05 0422 4+
14 182 0.5 § + Higher 0e20 => o+
0ligo's. S8treak
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EXAMINATION OF ACIDIC OLIGOSACCHARIDES

Oligosaccharide 1 (01)

280 mge
RGalA = 0478 in solvent A
MG = 0.59

The sugar, [a]D +36° (g 0.9 in water), which stained orange-
red with Eranisidine hydrochloride, gave galacturonic acid and
rnamnose on hydrolysis and was chromatogrephically and electro-
phoretically indistinguishable from 2-_(_)_-(a-g-galactopyranosyl—
uronic acid)-L-rhamnose. A sample (50 mge) of the sugar was
methylated by six additions of methyl sulphate (2 mle. each) and
30% sgueous sodium hydroxide (6 ml. each). The resulting
solution was heated to 80° for 30 min., allowed to cool and made
acid to pH 3.0 by the addition of dilute sulphuric acid. The
acidified solution was extracted with chloroform (3 x 20 mle) and
the combined chloroform solutions concentrated to give methylated
disaccharide which was crystallised and recrystallised from =
chloroform-petroleum (beps 100-120°) mixture containing a trece
of water. The crystals, [u.]D +93° (g 1.1 in chloroform) had
a mep. and mixed mepe 70° (Kofler hot-stage microsccpe), meP.
and mixed m.p. 120° (capillary tube) and gave an X-ray powder
photograph identical to that of methyl 2-0-(2,3,L-tri-C-methyl-
g—galactopyranoayluronic acid)-3,u-di—gpmethyl-grrhamnose

dihydrate (99).



Oligosaccharide 2 (032)

125,

Bmg.

RG&lA = 0,20 in solvent A

MG = 1.0

The sugar, [a]y +4° (g 0.6 in water), which stained

yellow with p-anisidine hydrochloride, gave galactose, glucuronic
acid and glucuronolactone on hydrolysis and was chromatograph-
ically and electrophoretically indistinguishable from 6-Q-
(B=D-glucopyranosyluronic acid)-g—galactose.

The disaccharide was methylated by the small-scale Kuhn

method (general methods) and the products of methanolysis examined

by gas chromatography.

Table 12.

TAB 12

The results obtained are shown in

Methyl glycosides

Relative Retention Time _T.

~D-galactose

Column g Column b
243;4=tri-Q-methyl
_é-élucuronic acig¥® 25U 3+20 Isyy Aaed
Eﬁgégi-gg%;%;methyl 7e2 2,62 2.91
=
243y 5=tri-0-methyl Lelt3 198

® present as the methyl ester.
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Oligosaccharide 3 (03)

16 mge
RGalA = 0458 in solvent A
MG = 0.58

The sugar, [a.]D ~68° (¢ 1.47 in water), stained yellow with
B-anisidine hydrochloride and gave fucose, glucuronic acid and
glucuronolactone on hydrolysise The disaccharide was methylated
and the products of methanolysis examined by gas chromatography.
The following Table 13 indicates the retention times of the peaks,
but the lack of authentic dimethyl fucose standards meant that

the chromatograme could not be fully interpreted.

TABLE 13,
Relative Retention Time T
Methyl glycosides -
Column g Column D

2y3u=tri-Q-methyl
ﬁé—&lucuronic acia® 2¢51m 3e228 1e77m 24218
? dimethyl fucose 1¢10=1¢11m 1,568 0.60m 04938

ZOOhVW 1.297W

. Methyl glycoside present as the methyl ester.

Authentic samples of sugars together with the disaccharide
and the derived glycitol (borohydride reduction) were applied to
Whatman No. 1 paper, sprayed with a 1% aqueous solution of sodium

metaperiodate, left for 5 min., treated with sulphur dioxide and



1276

lightly sprayed with a Schiff's reagent prepasred by dissolving
pararosaniline hydrochloride (1 ge) in water (100 ml.) which had
been saturated with sulphur dioxide. The colours developed by
the sction of the spray reagent (8L ) on the following sugars

were: -

Sugar golour
2-0-methylfucose Yellow
2-g-(o.—g-ga}.actopyranoayluronic acid) ~L-rhamnose Yellow
2-g-(a.-g-ga1act0pyranosyluronic acid) ~L-rhamnnitol Blue
B-Q-a--g—glucopyranosyl-é—arabinoaa Yellow
3-0-B--glucopyranosyl-D-glucitol (Laminaribiitol) Yellow
Glucuronosylfucose (03) Blue
Glucuronosylfucitol (O3 reduced) Blue

A sample of the oligosaccharide was spotted on filter paper
and sprayed with a 0.5% ehloroform solution of 2,3,5-triphenyl-
tetrazolium chloride then with methanolic sodium hydroxide; a
bright red colour developed indicating the absence of a 2-0=-
substituted reducing sugar (21)« The probable structure of the
disaccharide based on the evidence given was h-Q_-(B-g—gluco-

pyranosyluronic acid) -.II._—fucose.



0Oligosaccharide 4 (0u)

h mge
RGalA = 0,29 in solvent A
MG = 0467

The sugar, [a]D -28° (g 0.18 in water) stained yellow with
R—anisidine hydrochloride and gave galactose, glucuronic acid
and glucuronolactone on hydrolysis. The methanolysis products
of the methylated disaccharide were examined by gas chromato-
graphy and the results shown in Table 14 indicated that the
aldobiouronic acid was h-gr(6—g-glucopyranosyluronic acid)

-D=-galactose.

IABLE 1h

Relative Retention Time 2
Methyl glycosides

Column g | Column b

2,3,4=tri-0-methyl

-gfglucuronic acid¥® 2.50 3.21 176 2422
2.3 ’6-tri-9_—methy1 ll-.25 321 1 .6'-]- 2455
-g-galactoae L|-.6O 2¢23

% Present as the methyl ester.
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0Oligosaccharide 5 (0s)

1'05 MFe
RgalA = 0«11 in solvent A

HG = 0067

The sugar, [“]D +104° (g 0493 in water), which stained
orange-red with p-anisidine hydrochloride gave on hydrolysis
galacturonic acid and rhamnose in the molar proportion of
131, and after reduction with potassium borohydride the ratio
wae 1.7:1 3 the estimations were performed by the carbazole
(37) and L-cysteine hydrochloride (39) methods.

The tetrasaccharide on paertial acid hydrolysis gave
galacturonic acid, rhamnose, and 2-g—(a-g-galactopyranoeyluronic
acid)-g—rhamnose and these sugars together with rhamnitol and
z-gr(u—gfgalactopyranosyluronic acid)-L-rhamnitol were detected
in the partial acid hydrolysate of the derived glycitol (boro-
hydride reduction). The 2-9:(a—g-galactopyranosyluronic acid)
-L-rhamnose Rg_,, 0+58 and the corresponding glyeitol R, ,, 0«73
were effectively separated on Whatman No. 4 paper in solvent I
and were detected with silver nitrate reagent after the chromato-
gram had been sprayed with methanol and heasted in an oven to
remove the boric acid.

A sample of the tetrasaccharide (60 mg.) was methylated by
three treatments with Kuhn reagents [methyl iodide (25 ml.)
dimethylformamide (20 ml.) and silver oxide (3 g.)] snd a sample
of the methylated sugar was methanolysed and the resulting mixture



130.

of methyl glycosides was examined by gas chromatography and gave
the results shown in Table 15,

The remainder of the methylated tetrasaccharide (39 mg.) was
dissolved in tetrahydrofuran (25 ml.) and at intervals aluminium
lithium hydride (50 mge.) was added to the refluxing solution over
a period of 2 hr, The excess hydride was destroyed by adding
ethyl acetate followed by water and the resulting mixture was
extracted with chloroform several times and the extracts were
combined, dried and concentrated to yield a reduced methylated
product (30 mg.)

A sample of the reduced methylated product (25 mg.) was
methanolysed with 3% methanolic hydrogen chloride (10 ml.) for
6 hr. at 100° gnd a small portion of the resulting methyl
glycoside mixture was examined by gas chromatography and furnished
the results shown in Table 15. The remainder of the methyl
glycoside mixture was hydrolysed with L% hydrochloric acid (10 ml,.)
for 3 hr. at 100°, the resulting solution was neutralised by
passage through a column of Amberlite IR-L5(OH) resin and the
eluate concentrated to give a mixture of sugars shown by paper
chromatography in solvent H to contain 3,h—di—grmethyl1g-rhamnoaa
Ry 0487, 2y3,4=tri- and 2,3-di-2-methyl-D-galactose R, 0«70 and
0.52 respectively. The 2y3-di-0-methyl~D-galactose, Rrhamnoae
1491, was distinguisheble from 2,4-di- and 2,6-di-0-methyl-D
-galactose, Ry .. o 1447 and 2.12 respectively, in solvent J
the chromatogram having been given three 9 hr. irrigations.

The remaining reduced methylated tetrasaccharide (5 mge.) was
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remethylated by treatment with Kuhn reagents, the remethylated
product methanolysed with 3% methanolic hydrogen chloride and
the resulting mixture of methyl glycosides examined by gas
chromatography to give the results shown in Table 15. The
presence, as indicated by gas chromatography, of the methyl
glycoside of 2.3.h—trifg-methylﬁg—galactose in the methanolysis
products indicated that probably incomplete remethylation had

occurred.
IABLE 15
Relative Retention Time g
Methyl glycosides

Column b Column g
(METHYLATED)
3,h=di-Q-methyl~L-rhamnose 0.61 0.88
2,34li=tri=Q-nethyl-D-galacturonic acid™ Lel7 3481 6062 6422
2,3-di-0-methyl-D-galacturonic acid™ 2417 4.95
(REDUCED METHYLATED)
3yt=di-0-methyl-L-rhannose 0462 0.89
2y3sh=tri-Q-methyl-D-galactose 280 2.54 6494
2, 3-—di-9_—methy1—g-galactose - —
(REMETHYLATED REDUCED METHYLATED)
3ylt=di-0-methyl-L-rhamnose 0.61 0.87
2934l y6-tetra-0-methyl-D-galactose 1458 1480
2,3,6-tri-grmethyl-g-galactOSe 1458 2.99
2y3,4-tri-Q-methyl-D-galactose 280 2,53 6493

® present as methyl esters.
Column ¢ was 3% neopentylglycol adipate, on Celite.




132

This evidence was consistent with the structure Q~a~D~-
galactopyranosyluronic acid=(1=—>2)-0=-f-L-rhamnopyranosyl-

(1=~ U) =Q-a-D-galactopyranosyluronic acid-(1=—>2)-L-rhemnopyranose.

Oligosaccharide 6 (0Og)

10 Mg e
RGalA=O.h8 in solvent C
HG =0.81

The syrup, [a], +7C° (g 0488 in water), which stained orange=-
red with Efanisidine hydrochloride, gave galacturonic acid and
rhamnose on hydrolysis in the molar proportion of 1.8:1 and
after reduction with potassium borohydride the ratio was 1.2:1.

On partial acld hydrolysies the fraction yielded galacturonic acid,
rhamnose and 2-g-(a.—g-galactopyranoayluronic acid)-g-rhamnose and
these sugars together with a small amount of rhamnitol on hydrolysis
of the potassium borohydride reduced oligosaccharide fraction.

The fraction was methylated with Kuhn reagents in the manner
described for oligosaccharide 5 and the products of methanolysis
were shown by gas chromatography to be essentially the methyl
esters methyl glycosides of 2,3-di-~ and 2,3,h-trifgrmethy1-g
~galacturonic acid together with a trace of the methyl glycoside
of 3,h-di-g-methyl—%;rhamnoae 3+ the chromatogram also contaiﬁed
substantial amounts of other peaks which could not be identified.
Towards the end of the investigation on this fraction it was

discovered that although the fraction appeared chromatographically
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homogeneous on Whatman No. 1 paper in solvents A and C, a sample
run on Whatman No. L4 paper in solvent A for two days indicated
the presence of two oligosaccharides which were incompletely
separated, but the more mobile component was chromatographically

identical to oligosaccharide 5.

Oligosaccharide 7 (07)

12 mge
RGalA = 0467 in solvent C
MG = 0.60

The sugar, [a]D +87° (g 1412 in water), which stained crimson
with gfanisidine hydrochloride, gave galacturonic acid and rhamnose
on hydrolysis in the molar proportion of 1.2:1 and after re-
duction with potassium borohydride the ratio was 2.3:1. On
partial acld hydrolysis the sugar ylelded galacturonic acid,
rhamnose and Q-Q-(o.-g-galactopyranosyluronic acid) ~L-rhamnose
and these sugars together with rhamnitol on hydrolysis of the
derived glycitol (borohydride reduction). The sugar was
methylated with Kuhn reagents in the manner described for oligo-
saccharide 5 and the products of methanolysis were shown by gas
chromatography to be principally the methyl ester methyl glycoside
of 2,3,h-tri-0-methyl-D-galacturonic acid and the methyl glycoside
of 3.u-diﬁ;-methyl—grrhamnose together with a number of other
compounds giving peaks which could not be identified. A very

complex gas chromatogram, which could not be interpreted, was
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obtained from the methanolysis products of the remethylated

reduced methylated oligosaccharide.

Oligosaccharide 8 (Og)

L5 mg.
RGalA 0«51 in solvent C
MG 0.92

The sugar, which stained crimson with p-anisidine hydrochloride,
géve on hydrolysie galacturonic acid and was chromatographically
and electrophoretically indistinguishable from h-gru-gfgalacto-
pyranosyluronic acidgg—galactopyranosyluronic acide The acid
(15 mge) in water (5 ml.) was neutralised with calcium carbonate,
the excess solid was removed by filtration, and by the addition
of acetone (2 vol.) to the filtrate the calcium salt precipitated,
wae washed with scetone and ether and dried to give a white solid

[al, +113° (g 0.98 in 0.5N-hydrochloric acid)(99).

Oligosaccharide 9 (0Og)

80 mg.
RGalA 0«22 in solvent C
HG 0.90

The sugar, which stained crimson with p-anisidine hydro-

chloride, gave on hydrolysis galacturonic acid and was chromato=
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graphically and electrophoretically indistinguishable from
Q-u-D-galactopyranosyluronic acid=(1—>U)~-0-a-D-galactopyranosyl=-
uronic acid=-(1=—>L)-D-galactopyranosyluronic acid. The acid

(30 mg.) in water (10 ml.) was neutralised with calecium carbonate,
the excess solid removed by filtration, and by the addition of
acetone the calcium trigalacturonate was precipitated, separated,
washed with acetone and ether and dried. The salt was re-
precipitated twice to give a white solid, [a.]D +#140° (g 1.0 in
0,5 N-hydrochioric acid) (99).
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