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RO ON

Plants contain a wide range of polysaccharides. The ocourrence of
these throughout the plant is as diverse as their nature. They constitute
cell walls, appear in the intercellular layer and can be exuded by the
plant, This thesis will be concerned mainly with peotins, whioh ocour in
both primary and secondary cell walls, in the intercellular layer and in
fruit juices, and with hemicelluloses which ocour in cell walls together
with cellulose.

SEZCTION 1
Fectins
Definition of the terms used in Pectin Chemistry.

Eeotioc Substances

Pectic substances is a group designation for those complex, colloidal
carbohydrate derivatives which occur in, or are prepared from, plants and
contain a large proportion of anhydrogalacturonic acid units existing in
a chain-like combination. The carboxyl groups of the polygalacturecnic
acids may be partly esterified by methyl groups and partly or completely
neutralised by one or more bases (1).

Lectinic Acids
The term pectinic acid is used for colloidal polygalacturonic acids

containing more than a negligible proportion of methyl ester groups.
Feotin

The general term pectin designates those water-scluble pectinic acids
of varyinz sethyl ester content and degree of neutralisation vhiéh are



capable of forming gels with sugar and acid under suitable conditions. -~
Pectic Acid
Yectic acids are those pectic substances which are essentially free

of methyl eater groups.

The pectic substances occur as both water-soluble and insoluble
components of plant tissue and differ in proportions of individual sugars
both with the variety and maturity of the plant and with the part of the
tissue or cell included in the sample (2). They ocour mainly in the
primary cell walls and in the intercellular layer but also occour, to a
lesser extent, in the secondary cell walls. Some plant juices and saps
are also quite rich in these substances. Thus they are most abundant in
soft tissues which are composed mainly of primary cell walls (i.e. fruit
and roots) (3)(4) and much less so in wood where the volums of the primary
layer is small.

On the basis of solubilities, and staining reactions of pectinic
acids, the pectic substances in the cell wall are believed to differ from
those in the intercellular layer and the soluble pectins present in the
intercellular layer of ripe fruits are believed to differ from the
insoluble pectins.

The functions of pectic substances in plants are varied and have not
yet been fully elucidated. It would appear that the insoluble pectic
substances in the intercellular layer contribute to its rigidity but the
function of the pectic substances in cell walls is not so obvious.
However, from their hydrophilic nature, they may be necessary for the



proper hydration of young growing cell walls. This hypothesis is
supported by their presence in largest proportions in primary cell walls
(5)e

Pectic substances are important commercially because of the ease with
which they form gels. Of the two types of gel which is formed, the pectin-
sucrose-acid type is the most important industrially. This is formed as a
result of the tendenocy of aggregations of pectin molecules to crystallise.
The other type is formed by cross linking chains through carboxyl groups
by divalent calcium.

Molecular weights of pectins have been reported to vary from around
10,000 to arcund 400,000 It would seem, however, that this wide range
of values can be explained by partial degradation of large molecules with
molecular weights of several hundred thousand to smaller molecules with
molecular weights between ten and fifty thousand. Henglein and Schneider
(6) obtained evidence of this by nitrating pectins in situ. Direct
nitration of alechol extracted and dried slices of sugar-beet tissue gave
nitrated pectins of molecular weights of 50,000 -« 100,000, Pectins
obtained by hotewater extraction of the same material had, after nitration,
molecular weights of 30,000 - 50,000, Further evidence in support of
this was obtained by Schneider and Bock (7) who reported that the
molecular weight of nitrated pectinic acids form apple pomace was much
higher from the first extract than from subsequent extracts.

Peotic substances although composed mainly of galacturonic acid
residues contain varying amounts of arabinose and galactose residues. The

early work on these substances suggested that there were three separate



polysaccharides present: a galacturonan, a galactan, and an arabinan.

It would now appear that, although there may be some separate galactan and
arabinan, galactose and arabinose residues are also linked to the
galacturonic acid residues and that the isolation of three homopolysaccharides,
the Pectic Triad, was due to degradation during extraction of a heteroe
polysaccharide containing all three sugars. There is as yet no direct
evidence for a linkage between arabinose or galactose units and
galacturonic acid units and the theory of a heteropolysaccharide is based
on the retention of the neutral sugars after exhaustive fractionations.
The early investigations on the 'homopolysaccharides', however, give an
insight into the basic structural features of pectic substances.

Feotic Oalaoturonans

In the early investigations, a homopolysaccharide, containing
galacturonic acid residues only, was obtained by acid hydrolysis of
associated galacicso and aragbinose residues. Hot mineral acid was
used (8) and, in the case of strawberry pectin (9), hot methanoliec
hydrogen chloride which yielded a galacturonan of about eight units
indicating appreciable hydrolysis of the galacturonic acid residues as
well as the neutral residues. In some instances, the pectic material
was extracted with alkali which could lead to a ~elimination type of
degradation which will be discussed more fully later.

One of the first examinations of a pectic galacturonan was made by
Levene and Kraider (10) who showed from oxidation studies that the
galacturonic acid residues were linked through either the 1 and 4 or
1 and 5 positions dependent on the galacturonic acid units being in the
pyrancse or furancse forms respectively.



The linear structure was confirmed from methylation studies by
Iuckett and Smith on the galacturonan from citrus pectin (8) and by Beaven
and Jones on the galacturonan from strawberry pectin (9)s In both cases,
a structure composed of galacturonic acid units, in the pyrancse form,
linked through the 1 and 4 positions (I) was favoured due to the high
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positive rotation of the galacturonans and their stability towards
hydrolytic agents,

Further structural features of pectic galacturonans have been
elucidated from studies on galacturonobiose and galacturonotriose obtained
from the action of the enszymes from Aspergillus foetidus on apple pectic
acid (11)(12)s  The reduction of galacturoncbiose to 4=0m0eD
galactopyranosyl - D = galactose showed that it consisted of two
D = galactopyranosiduronic acid residues comnnected by an c<1+4 linkage (II)

HOH HOH

II



but the reduction of galacturonotriocse to the corresponding galactotriocse,
which had a high positive rotation indicative of ol linkages, and
subsequent methylation was less conclusive in that the possibility of a
branched structure was not resolved. However, the results supported
earlier conclusions that the galacturonic acid residues in pectin existed
in the pyranose form and that the linkage was OX.

More recently, the extraction procedures which have not involved the
use of acid have yielded acidic polyuoohu-id.n,oontunins neutral sugar
residues, and galacturonans, as striotly homopolysaccharides, are now
recognised to be of relatively infrequent occurrence. However, the
extraction of sunflower heads with hot ammonium oxalate-oxalic acid
solution has yielded a galacturonan (13) and galacturonans have also, in
scme instances, been obtained from the further fractionation of the
acidic polysaccharides. Zitko and Bishop (14) by further fractionating
the acidic ;olysaccharides in sunflower, sugar-beet, apple, and oitrus
pectins, isolated a pure galacturonan in each case and Timell and
Bhattacharjee (15), on further fractionation of the pectin present in
the bark of amabilis fir, obtained a pure galacturonan. On reduction of
the galacturonan to the corresponding galactan and subsequent methylation
of the galactan, they concluded that the galacturonan was a linear molecule
with the galacturonic acid units in the pyranose form linked through the
1 and 4 positions in the c<configuration.

Pectic Galactans

first, Jones and Walder (16) first isolated a pectic galactan from the

seeds of white lupin. Hot alkaline extraction of the seeds yielded &
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pectic material which contained a high percentage of D~ galactose residues,
A pure galactan containing a small amount of uronic acid was obtained after
the removal of the arabinan by extraction with 705 methanol followed by
hydrolysis with mild oxalie acid of the remaining arabinose residues, and
after the removal of the acidic polysaccharide by precipitation as the
calcium salte In view of the utilisation of oxalic acid to hydrolyse the
last of the arabinose residues, the authenticity of the galactan is
questionable in that it may have arisenfrom the removal of arabinose
residues from an arabincgalacian, =uéd in light of recent investigations
into base catalysed degradation of pectic substances, the degradation of a
large complex molecule, during alkaline extraction, resulting in the mixture
of polysaccharides extracted, is a possiblity which camnot be overlooked.
Methylation studies on the galactan showed that it was a linear polymer
built up of a = galactopyranose residues linked through the 1 and 4

positions (III) and from optical rotatory power, the authors concluded
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that the galactose residues were linked in thoﬁoonﬁmation.
Although there is doubt as to the authenticity of the galactan from
Lupinus albus seeds, there is evidence that separate galactans do exist in



pectic substances as a structurally similar galactan has been isolated
as & minor component from a commercial citrus pectin by precipitation of
the acidie polysaocharide as the insoluble copper salt (17). Andrews,
Hough and Jones (18) have also isolated a galactan of this type from the
seeds of Strychnos nux—vomica using an alkaline extraction provedure.

In addition to these hocmopolysaccharides, arabinogalactans with
/3 = D - galactopyrancse residues linked through the 1 and 4 positions
constituting the main chain and arabinose residues attached as side
chains have alsoc been isolated. Such a polysaccharide, containing
'L.. - arabinose to 2 - galactose residues in the approximate proportion of
112, has been shown to be the main component of a polysaccharide mixture
extracted from defatted soyabean flour with hot water after the removal
of proteins with very dilute alkali (19)« Methylation studies indicated
that the main chain of the polysaccharide was composed of 2 - galacto=
pyrancse residues linked through the 1 and 4 positions while some branching
at the 3 position accommodated side chains of _L._. arabinofuranose residues
linked through the 1 and 5 positions.

An arabinogalactan, with the predominant linkage of galactose
residues through the 1 and 4 positions but, on the whole, of a more
complex structure, has been isclated from Centrosema plumari seeds (20).

Aeidio pelyssocharides containing chains of (1 9 4) = linked =D -
galactopyranose residues as the main structural feature have also been
isolated from wood. DBouveng and Meier (21) isclated a polysaccharide of
this type in the solution from the delignification of Norwegian spruce
compression wood with chlorite which contained 13% uronic acid residues in



the form of both galacturonic and glucuronic acid residues. The neutral
part of the polysaccharide was shown to consist of a chain of (1 > 4)-11nkod
B- D = galactopyrancse residues. Alkaline extraction of beech tension
wood has yielded a still more complex polysaccharide containing as one of
its struotural features chains of D = galactose residues linked through
the 1 and 4 positions (22),

Pectic Arabinans

Polysaccharides of this type were first iscolated from various sources
by Hirst and Jomes (23)(24)(25)(26) who carried out structural investiga=
tions which have been supplemented by further studies on sugar-beet
arabinan (27)(28)s However, in light of more recent evidence (29), it
would appear that the so=called sugar-beet arabinan is a heteropoly-
saccharide containing arabinose, galactose, rhamnose, and galacturonic
acid residues and, in addition, is not an alkali stable polysaccharide as
was previcusly believed (30) in that it can be degraded by further treatment
under the conditions of extraction. However, in light of present
knowledge of the susceptibility of pectins, containing a high proportion
of esterified galacturonic acid residues, to degradation by alkali, doubt
must be cast on the authenticity of the "arabinan" as an undegraded
oonstituent of sugar-beet pectin.

In two instances, arabinans of the pectic type have been isolated
under non-degradative conditions. Studies on the arabinan isolated from
mustard seed (31)(32), in particular, have yielded the most complete
structure so far obtained for pectic arabinans. Methylation of the
mustard seed arabinan and subsequent hydrolysis gave L - arabinose,
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2 =0 = mnothyl - L = arabinose, 2, 3 = di « 0 « methyl L = arabinose and
2y 3y 5 = tri = 0 = moethyl - L - arabinose in the molar proportions
231136312, It would appear from the non-reducing end groups that the
arabinose residues are present in the furanose form, the units being joined
by 1 2 5 linkages with a considerable proportion of 1 @ 3 branch linkages.
Furthermore, the isolation of a small amount of arabinose from the
methylated polysaccharide would indicate branching through the cz position
of a relatively small proportion of units that are also linked through the
c 3 and 05 positions. An o« linkage between the arabinofurancse residues
was deduced from the high negative rotation of the polysaccharide. An
insight intc the fine struoture of the arabinan was obtained from Smith
degradation studies which yielded a series of oligosacoharides containing
1 5 linkages, These oligosaccharides were identified by methylation
followed by quantitative gas-liquid chromatography and indicated that the
arabinan must have one of the three structures (IV), (V) or (VI) or have
characteristics of any one of these present to a greater or lesser extent

in the molecule,

-A-%-#-A-%-A-%-#-&-A—A-%— =y (1 9 5) linkage
[ ol % (1 9 3) lizkege
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The arabinan isolated from the agquecus o-xtruotl of maritime pine (33)
would appear to have a similar structure although, in this case, a small
amount of galactose residues were shown to be present as non=reducing end
groups.

c e Fol Pec

Pectic substances, extracted under mild conditions whioch are unlikely
to cause degradation and fractionated to remove any neutral polysaccharides,
give acidic polysaccharides which still contain neutral sugar residues.

The table below, compiled by KoCready and Gee (34) illustrates the
sugars liberated by partial hydrolysis of purified pectinic acids.

Source Anhy::::fonio { Arabinose | Calactose | Rhamnose | Aylose
Crange 92.1 + + + 0
Grapefruit 91.7 + 4+ + 0
Lemon 90.4 + 4 + 0
Mg 8741 + + + 0
Carrot 7647 + B - 0
Apple 88,0 + + + +
Peach 86.8 - + - -
Pea Pod 84.8 . - + +
Apricot 83.1 + + + +
Pear 82.6 + + + +
Sugar Beet 82.3 4 - + -
Avooado 79.0 + + 4 + +

*Content corrected for water, ash, and methylene impurity from carbomethoxyl.
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In addition to these neutral constituents, 2 = 0 = methyl « D - xylose
and 2 « 0 = methyl -« g - fucose, which were first isclated from plum leaf
hemicellulose (35), have been isclated from sisal pectic acid (36) and
subsequently from other pectic acids along with }‘. « fucose which was firat
isolated in pectins from lucerne pectic acid and which is present in a
relatively high proportion in the acidic polysaccharides from soyabeans (37).

Although the previously mentioned neutral sugars would appear to be
constituent sugars of the complex acidic polysaccharides in pectins, until
recently, however, only rhamnose residues had been shown to be direoctly
linked to galacturonic acid residues from the isolation of the aldobiouronic
acidy, 2 = 0 = (X = D = galactopyranosyluronic acid) = L = rhamnose, first
from the pectic type scidie polysaccharide from grapes (38) and later from
lucerne pectio acid (39), the pectic acid from the bark of amabilis fir (15),
and the acidic polysaccherides from soyabeans (40), (41)s A larger oligo=
saccharide (VII) containing both galacturonic acid and rhamnose residues
has also been isolated from partial hydrolysis studies on lucerne pectic
acid (42)and the acidic polysaccharides from soyabeans (40)(41) which have
also yielded the trisaccharide (VIII) and from acetolysis studies, the
trisaccharide (IX) and the tetrasaccharide (X).

Galph 152 Bhap 194 Galps 152 Rhap GalpA 194 GalpA 192 Rhap
VIt VIII
- A =<
GalpA 192 Rhap 192 Rhap Galph 154 Galph 192 Rhap 152 Rhap

IX X
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Further inforamation on the structural significance of the rhamnose
residues has been obtained from methylation studies on pectic acids from
different sources by Aspinall and Cafas-Rodrigues (36), Aspinall and
Fanshawe (39), and Timell and Bhattacharjee (15) which, when taken with
the results from partial degradation studies, show that the main chain
of the polysaccharide is composed of (1 9 4) = linked D - galacturonic acid
residues, some of which provide branch points with a small number of
-Ii - rhamnose residues, somée of which also provide branch points.

Galactose and arabinose are the predominant neutral sugar residues
found in the complex acidic polysaccharides in pectins but as yet no
direct evidence has been obtained from structural studies for linkages
between these sugar residues and those of galacturonic acid although
indirect evidence from the failure to remove them on fractionation and,
in certain cases, from the relatively large proportions of residues of
these sugars which occur as non-reducing end groups, as shown by
methylation studies. IExamination of the methylated complex acidic
polysaccharides troﬁ variocus sources has shown that although the residues
of galactose and arabinose may frequently be attached to the basal chains
as non-reducing end groups, they may also be attached in structural units
with linkages similar to those in the respective pectic homopolysaccharides.
In the case of sisal pectic acid (36), a predominance of arabinose end
groups was indicated along with (1 9 4) - linked chains of galactose residues,
lucerne pectic acid (39), on the other hand, yielded a predominance of
galactose end groups along with arabinose residues linked in a branched

structure as in pectic arabinans, whereas the pectic acid from the bark of
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amabilis fir (15) yielded both neutral sugars mainly in the form of end
groupse The methylation evidence which indicates that galactose and
arabinose residues in the complex acidic polysaccharides may ococour in
gtructural units similar to those in pectic galactans and arabinans
respectively is further substantiated by the isclation of 4 = 0 = /3 D=
galactopyrancsyl = D = galaoctose and the corresponding galactotriose
from commercial citrus pectin (17) and from the acidic polysaccharides from
soyabeans (40)(41), and by the isclation, from enzymic degradation of the
acidic polysaccharides from soyabeans (40) of the acidic oligosaccharide
(X1), not yet fully characterised, in which (1 & 4) = linked linear chains of
3= Xylp
.
/j-g- Galp 1 = (-)4/5-2- Galp 1 -)n-)4/5-2-01.121 *ee*D ~ Galp A

| L= mhep
X1

g - galactopyranose residues are linked either direotly or through xylose

or rhamnose residues to a single galacturonic acid reducing unit.

Although the existence of a linkage between arabinose or galactose
residues and those of galacturonic acid is still mainly hypothetical,
direct evidence has been obtained for a linkage between arabinose and
galactose residues by Mullar and Smith (29) from Smith degradation studies
on an acidic polysaccharide from sugar beet, the sc-called sugar beet
arabinan, which has afforded O = (X= L = arabinofurancsyl = (1 & 3) = 0 =
/5= D = galactopyrancsyl = (1 9 1) = glyceritol indicating that, in this
instance at least, the arabinofurancese units are linked to the
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galactopyrancse units. They suggest that the arabinan portion of the
polysaccharide is joined to the core of galactose, rhamnose and
galacturonic acid residues by linkage to the galactose residues.

Of the other neutral sugars present in the complex acidiec p_oly-
saccharides, D~ xylose residues which are generally present in lower
proportions than those of galactose or arabinose, have been shown to be
directly linked to galacturonic acid residues. Aspinall et al (40) have
now isolated from enzynmic degradation of the acidic polysaccharides from
soyabeans the dissaccharide, } - 0 = p = D = xylopyranosyl = D -
galacturonic acid which has also been obtained from tragacanthic acid (43).
Degradation of Peotio Substances

The subject of degradation of peotic substances can be divided into
four separate sections: degradation in acidioc solution, degradation in
alkaline sclution, degradation in neutral solution and degradation by
enzymes.

The acid labile glycosidic bonds between arabinofurancse units in
pectic substances allow only the weakest of acidic solutions to be used
without degradation occcurring. The inoreasing stability through
galactopyrancse bonds to galacturonic acid bonds allows the isclation of
fragaents such as 2 = 0 =(X= a galactopyranosylurenic acid) = L~
rhannose from partial hydrolysis experiments. (Acetolysis is a different
type of acidic degradation resulting i: markedly different "cracking
patterns”, the reason for this is not yet understood.)

Polysaccharides, in oxygen free solution, undergo alkaline
degradation which begins at the reducing end of the molecule and proceeds
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in a stepwise manner along the sugar chain. The rate of degradation
depends on the mode of linkage of the sugar residues which compose the
chains. Chains with sugar residues linked through the 1 and 3 or 1 and 4
positions are labile to alkali and degradation proceeds in a peeling
process with the release of saccharinie acids dut chains with sugar
residues linked through the 1 and 2 positions are resistant to alkali.

Pectic substances contain galacturonic acid residues linked through
the 1 and 4 positions and consequently they degrade by this peeling proceas
vielding saccharinic acids (44)s This type of degradation, however, does
not produce such a rapid decrease in melecular weight and hence is not
80 readily detected by viscosity measurements as is scission of the same
number of glycosidic linkages within the ohain which Vollmert (45) has
shown to take place during alkaline saponification of pectin at 20°C. He
also showed that pectic acid is not depolymerised under the same conditions.
Thus depolymerisation of pectic substances in this manner is only posaible
if there is some esterification of the galacturonic acid residues and
furthermore the degree of depolymerisation is a function of the sxtent of
esterification.

Neukom and Deuel (46) have shown that the viscosity of the sodium
pectate produced by saponification of citrus pectin can be varied at will
by seleoting the proper saponification temperature. This is illustrated
in the tdlﬂini table.
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Saponification Visocosity
Tenpe ©¢ Time ,‘] B8De /O

"10‘ 3 Qm 1132
5 24 hours 0.858
20 g = 0.571
35 1 " 04354
50 15 mins. 00215
100 5 » 0.062
Original |Feotin * 1.322

+3aponified in the presence of glycerocl.

*Degree of Esterification = 65%

They also observed that similar results were obtained with the
glycol esters of pectic acid.
was no longer depolymerised by alkali in this manner but at the higher
temperatures wis Turther degraded by the usual stepwise alkaline
the reducing end groups.
The instability of the esters of pectic acid can be explained by

degradation from

assuming a " 3 dealkoxylation" mechanism as suggested by Whistler and

BeMiller (47) (XII).

In both cases the sodium pectate formed
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~OCH,

RO

—OCH,

Py
o)
®
NS
>

OH

R =« the remaining portion of the polysaccharide molecule.
XII

The esters of the <, unsaturated acids (i), which are formed, are
more slowly hydrolysed than the ester of the galacturonic acid (48).

Depolymerisation and de~esterification are cempetitive reactions
which take place at the same time, the amount of each product depending
on the relative rates of reaction. Launer and Tominatsu (49) have
concluded that for every eighty de-esterifications which ocour, one
glycosidio bond is cleaved.
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The 4instability of pectin in hot solutions of phosphate buffer is
an unusual phenomenon, its susceptibility to degradation being due to the
presence of mothyl esterified carboxyl groups (50)s As in alkaline
solution, pectic acid is quite stable when similarly treated.

Investigations into the mechanism of the neutral degradation of
peotin have been carried out by Albersheim, Neukom and Deuel (51) to
prove the cleavage of glycosidic bonds ~nd the formation of double bonds
by buffer treatment at pH 6.8, They showed that degradation, as measured
by reduction in relative viscosity, depends both on the length of heating
and the temperature. Verification that degradation is the result of
splitting of glycosidic linkages was obtained by correlating the reduction
in viscosity with the increase in free aldehyde groupss The extent of
breakdown was found to be approximately proportional to the degree of
esterification of pectin and de-esterification, which would account for
the reduction in the rate of glycosidic breakdown with inoreased lengths
of degradation, was also shown to take place as heating proceeded, The
presence of a /5’-.11-13:1;103 mechanism was indicated by an increasing
absorption at 235 mpy characteristic of <, ﬂ, unsaturation, and alseo by the
formation, by oszonation, of oxalic acid which is only produced from
unsaturation in the C,, C; position of urcnic acids (52)s Thus, not
only are the characteristics of degradation in n'outrd solutions the sane
as those in alkaline solutions but it would also seem that even at pH 6.8
the cchydrogen atom is sufficiently activated to be removed and that the
mechanisms are identical.
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Further investigations into the effect of hot phosphate buffers on
pectic substances have been carried out by Darrelt and Northeote (53) whe
obtained two polysaccharide comvonexnts after heating a purified pectinic
acid from apple pectin at pH 6.8. These components were separated by
ge] filtration and 1t was found that the highe-molecular weight component
contained a large proportion of the total neutral sugar residues of the
pectinio acid whereas the lowemolecular weight component contained a very
high percentage of galacturonic acid., They suggest that the original
molecule could be considered to contain large arabinofurancse *'blocks’
covalently attached to the galacturcnosyl chains and that degradation
divides the moleocule inte two different types of fragments: one
containing principally galscturoncsyl residues and the other mainly
neutral residues (XIII).

l'utrll/\nwl lcutral/\mpr-

| | | |

“Gal Awse Oal A Gal A wee 0] Aw Oal A wee Gal A= Oal A o== Oal A =

llntnl/\mm- Bmtral/\m

| |

Gal A we= Gal A ¢ Cal A === 0al A + Cal A === CGal A + Oal A === Cal A

Gal A === Gal A indicates 20 « 50 galacturonic acid units.
IIII
In addition to the conclusions drawn by the authors, it can be
argued from gel filtration evidence, assuming that the galacturonic acid
chains of both types of degraded fragments are approximately the sane
length, that these chains must contain between 20 and 50 galacturonic
acid units. From a /j-elimination type of degradation, the galacturonic
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acid units at the non-reducing end of each chain will be X, /3 unsaturated.

Pectic enzymes can be divided into three major groups. The first
group contains the pectinesterases which catalyse the de-esterification of
the natural and synthetic methyl esters of polygalacturonic acids. The
second group contains the polygalacturonases which catalyse the
hydrolysis of glycosidic linkages and the third group contains the pectin
transelininases which would seem to degrade pectin by a ﬂ-onuuticn type
of mechanism.

Fungal polygalacturonases only produce galacturonobiose,
galacturonotriose and galacturonotetracse in the initial stages of
hydrolysis (54) and eventually give complete breakdown to galacturonic
acid, arabinose and galactose (55)s It has been suggested that fungal
polygalacturonases are mixtures of three or more ensymes, one of which
hydrolyses pectin to galacturonobiose and galacturonctriose, while another
hydrolyses these to galacturonie acid (56)(57). r

Yeast polygalacturonase, however, catalyses a random hydrolysis of
pectic acid to a mixture of galacturonobiose and galacturonic acid through
a series of oligogalacturonides (58)(59)s Demain and Phaff (60) studied
the action of yeast polygalacturonase on galacturonobiose, galacturono-
triose and galacturonotetrose and concluded that galacturonic acid end
group inhibits hydrolysis of neighbouring glycosidic linkages. Thus
gulmﬁu'onobiou is not attacked by the enzyme and the rate of hydrolysis
increases as the oligouronide chain lengthens. Patel and Phaff (61)
have examined the action of the enzyme on oligomers of galacturonic acid
which had been modified at the reducing end and have shown that the
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bond at the non-reducing end of the chain is protected from attack by
yeast polygalacturonase,

Although 3- rhamnose is contained in the main chain of pectins, no
rhamnose containing oligosaccharides have so far been isclated from
engymic hydrolysise 3« 0 = /j - 3 xylopynndayl - 3 = galacturonic acid,
however, has been isclated from the enzymic degrdation products of the
pectic material from soyabean cotyledons (40).

Engymic degradation can also give unsaturated products. Pectin
transeliminase (62) gives not only the usual lower urconides but also a
product possessing a galacturonic acid residue with a double bond between
C4 and C5 at the non-reducing end which would indicate thai some type of
transelimination reaction was taking place, similar toc that described

earlier, with the ensyme only sttacking pectin and not pectic acid (XIV).

XIv

The efficiency of the enzymic attack, however, depends not only on the
degree of esterification but also on the length of the polygalacturcnic
acid chain and struoctural variations within the chain due to attached
neutral sugars. The pectolytic enzyme from Bacillus polymyxa gives
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similar products (63)(64), attacking from the nonereducing end, but this
enzyne is more active on pectic acid than on pectin and is therefore a
polygalaoturonic acid transeliminase. Hasegawa and Ragel (65) have
characterised 4 = 0 =X= 2 =« (4,5 = dehydrogalacturonosyl) = D -
galacturonic acid, isolated by the action of this enzyme on pectin,
Extraction of Pectin

It is generally recognised now that the rather severe methods of
extraction used in the early work which produced discrete arabinans,
galactans, and galacturonans, may have been instrumental to their
formation by the degradation of a larger molecule containing all three
sugars.

Fure galacturonans were obtained by deliberate acid hydrolysis
(8)(9) of neutral *blocks's This procedure would also degrade the
galacturonan to some extent.

Alkaline extraction was frequently used and this would inevitably
cause degradation by a /3-elimination type of mechanism.

The studies of Hullar and Smith (29) on sugar-beet arabinan suggest
that it is a degradation product of a larger pectic acid molecule. This
is supported by the isolation of an arabinan from lucerne pectic acid with
hot lime water (39)s This arabinan could not be extracted with water but
after its isolation was found to be readily soluble in water. Thus on the
basis of solubilities it would seem to be a degradation product. These
results are in accordance with the conclusions of Barrett and Northcote
(53) from which one would expect a mixture of polysaccharides if sugare
Mndlmmtmqnihmhamdnmmmumtot

apple.
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Before commencing extraction, however, any ensymes present must be
inactivated by treating the freshly cut material with 90% ethanol. This
also removes colouring matter, acids, and sugars.

Cold water extraction is the least likely to produce degradation but
the yield of peotin is not highe [Higher yields of pectin are obtained
by the use of hot water (above 60°), mineral acids, alkaline reagents,
and certain salt solutions of which ammonium oxalate is the most commonly
used, 905 extraction of pectic substance being reported by Whistler,
Harris, and Martin (66) after two successive eight hour periods at 90°,
However, the use of these more efficient methods is likely to promote one
of the previocusly discussed types of degradation.

Thus it would seem that cold water extraction and extraction in hot
solution, buffered between pH 4 and 5, are the only methods for extracting
pectin that are mot liable to cause degradation and in order to safeguard
against degradation, efficiency must be sacrificed.
FPractionation of Peotic Substances

Two types of problem are encountered in the fractionation of pectic
substances, the meparation of acidic polysaccharides from neutral poly-
saccharides and the further fractionation of acidic polysaccharides of
varying acid content. [requently, non=solvent precipitation effects a
degree of fractionmation of a mixture of acidic and neutral polysaccharides,
the acidic polysaccharides being precipitated more readily. Furthermore,
selective precipitation of the acidic polysaccharides can be achieved by
formation of the insoluble salt of the acid (copper, calcium or quaternary
ammonium) but acidic polysaccharides are not always obsained in a pure form
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due to co-precipitation of some of the neutral polysaccharides. However,
in some cases neutral polysaccharides have been isolated in a pure form
from the supernatant liquid by this technique.

Chromatography on dicthylaminoethylcellulose provides an analytical
procedure for distinguishing between polysaccharides on the basis of the
acidic sugars present. Neukom _o_}_g (67) subjected a pectic acid from
sugar-beet to this chromatographic technique and found that the fractions,
on hydrolysis, gave galactose and arabinose residues as well as those of
galacturonic acid which supports the hypothesis that arabinose and
galactose units are bound to the galacturonic acid units in the Poly=
saccharide through glycosidic linkages. Similar results were obtained
from citrus pectin, apple pectin, and sugar-beet pectin by Zitko, Rufk
and Vasatko (68) but in addition they isolated a neutral component, which
was either an arabinogalactan or an arabinan and galactan, from each sample.
This procedure, however, cannot be conveniently employed to separate larger
quantities of polysaccharide because of the low capacity of the ion=exchange
medium and the large amounts of buffer solution needed to desorb the acidie
rolysaccharides. turing the present investigations, large scale
separation of acidic and neutral polysaccharides by ion-exchange chromato=
graphy has been achieved using diethylamincethyl Sephadex A = 50 which has
a much larger capacity than diethylaminocethylcellulose.

Hoving boundary electrophoresis has been used to determine the
homogeneity of pectic acid samples (14)(*5){52) 1: has zome electro=
phoresis (53) but the sensitivity of suoh methods may not be great enough
to deteot small quantities of neutral polysaccharide.
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Acidie polysaccharides of varying acid content and varying methyl
ester content have been separated on diethylaminoethylcellulose (67)
and moving boundary electrophoresis (14)(15).

The subfractionation of related acidic polysaccharides on a
preparative scale is described in two separate papers. Timell and
Bhattacharjee (15) further fractionated the ammonium pectate from the
bark of amabilis fir by acidifying the solution and removing the
precipitated galacturonan by ultracentrifugations The soluble material
contained both galacturonic acid residues and those of arabincse and
galactose. Zitko and Bishop (14) fractionated pectic acids from sune
flower heads, sugar-beet, apples and citrus fruits by precipitation with
sodium acetate to give in each case a galacturcnan, free oi neutral
sugars, and a series of acidic polysaccharides containing both
galacturonic acid residues and neutral sugars. The results would seem
to justify the earlier conclusion by Aspinall and Calias - Rodriguez (36)
that peotin might consist of "a mixture of acidic polysaccharides, one
composed solely of D = galacturonic acid residues and the other or others
containing both nsutral sugars and D = galacturonic acid residues”.

However, in both cases, conditions were such that there may have been
degradation of the type described by Barrett and Northcote (53) although
the suthors think it unlikely. Timell and Bhattachar jee extracted the
pectic acid using hot potassium acetate and hot ammonium oxalate sclutions
and Zitko and Nishep de-esterified the samples with alkali before
fraotionation.
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Thus in pectin chemistry one of the main difficulties is in obtaining
an undegraded sample on which to carry out structural investigations.



SECTION 2

This section concerns a study of some extracellular polysaccharides
obtained from the inoubation of sycamore cambial cells in a solution of
sucrose by Dr. P, Albersheim, The investigations were carried out in
order to compare the structure of the extracellular polysaccharides with
those extracted from cell walls in woody tissue.

Cellewall Folysaccharides

Cellulose is the major constituent of plant cellewalls. It exists
in long thread like macromclecules, arranged in bundles which are so well
organised in certain areas due to hydrogen bonding between free hydroxyl
groups in the (1 9 4) = linked f3 = D = glucopyrancse residues of adjacent
molecules that crystallinity is observed (69). Interspersed between these
regions are amorphous regions which appear to be rich in lignin and other
polysaccharides known as 'hemicelluloses', and some pectin. The exact
function of the hemicelluloses in the cell wall is not known, for while they
certainly contribute to the rigidity of the cell wall, many seem to be
concerned with metabolic processes,

The extraotion of hemicelluloses often requires strong alkali,
which can result in degradation and chemical modification of the polymers,
and it has been suggested that the difference in solubility of these
polysaccharides before and after extraction may be due to a chemical
combination with nénin or a physical restraint which individual polymers
impose on the sclution of each other and especially the restraint which

lignin imposes on the polysaccharides by interpenetration.
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The hemicellular extracts contain a small number of structurally
distinet families of polysaccharides which can be classified by the
presence of similar arrangements of sugars in the main chains.

The xylan family bas (1 @ 4) = linked /5- 2 = xylopyranose residues
in the main ohain and contains a homopolysacocharide of xylose, and
zylans substituted by 4 = 0 - methyl-D - gluocuronic acid residues or by
both 4 = O = methyl-D-glucuronic acid and L arabinose residues (70)

(xv).
’4/5"2"!12'""/5"2'33'11""4ﬁ°2-1312"“4/3-2"‘7121"'4/"”‘*712"

3 2 3
1 ) 1
1 1 1
L = ireg (4=tie)D = Opa e = Leiraf
s

The characteristic main chain linkage of the glucomannan family is
(1« 4),/5- 2 = glucopyrancse nd/} = D = mannopyranose residues both
being contained in the main chains The second polysaccharide in this
faaily contains D « galactose residues attached to the main chain. (70)

(xv1)

.q/;-w + 43=3-0p1 » 4 p=prianpl o 4/3-2""1 s

2-oalgi v
A third fanily of hemicellulese polysaccharides is the arabino=
galactan group which contains (1 9 3) and (1 9 6) = linked D -
galactopyranose reaidues. The L~ arabinose and g- galactose structure
may also be substituted with D - glucuronie acid. (70)
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The fractionation and purification of these polysaccharides is often
difficult and only recently have satisfactory methods been developed in

this field,
Sycamere Cambial Cells

Woody tissue contains three types of cells which are named phloem,
cambial and xylem depending on their situation in the tree (XVII), the

cambial oells being the growth cells. Xyiem

Phlogm

-

Bark -

XVII

Thornber and Northcote (71)(72)(73) nave investigated the changes in
chemical composition of a cambial cell during its differentiation into
xylem and phloem tissue in the sycamore. The results showed that
secondary thickening of the cambial cell wall ocourred by the formation
of o<= cellulose, hemicellulose and lignin with little change in weight
of the pectic substances, and that the secondary thickening was accom=
panied by the formation of glucans 56 ~ 677; xylans 20 = 30%; uronic
anhydride 8 - 11%; and mannans 2 - 6% but little change occurred per cell
of the amount of arabinane, aad galactans decreased. (Fig 1.) gives a

diagramatic inorease in the weight of components per cell.
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Extracellular Polysaccharides
Although many extracellular polysaccharides have been isoclated from

micro-organisms, grown in a sugar medium, and their struotures studied
(74)(75)(76)(77), the extracellular polysaccharides from sycamore cambial
cells are the only extracellular polysaccharides from plant cells that
has so far been reported in the literature.

Alversheim gt al (78) found that sycamore (‘cer pseudoplatanus)
cells grow rapidly in complex yeast extraot medium to secrete the polye
saccharides, which have been studied in this thesis, into the culture
medium. These polysaccharides are reported to be similar in composition
to the noncellulosic wall polysaocharides of the cells and differ slightly
from the composition of sycamore cambial cells from the intact tree (71)
(72)(73)s



T TEL R -
e L, -l_'—_l':' - §,
-i‘.:.; 'wﬁ“ 4.-. "‘F‘.h“r?' 3
e .I:.E._IL._J._L':'»E{-'.;I: i

J.J“'r:‘: =

-




g bR R

‘\:"-;, {A. BT L

s 0T N Py

g =

— g;r. 1."!'-‘:“
| =

’
_l‘ 'i:.
. 5y
b
o



34

Powdered lemon peel was kindly supplied by Mr. We C. Platt of the
Ventura Coastal lemon Corporation, Ventura, Californmia, U.S.As. The dried
peel had been previcusly extracted with propane2-ol to remove lemen oil and
gave on hydrolysis galacturonic acid, galactose, glucose, arabinose, xylose
and rhamnose together with a small amount of mannose.

The extraction and fractionation procedures are summarised in the
flow sheet on the following page.

During extraction and subsequent fractionation, striot precautions were
taken to avoid any possible degradation of the pectin, whether by acid or by
a ﬁ = elimination type of mechanism, by keepins ihe pH of the pectin
solutions between 4 and 5. The amount of pectin solubilised by extraction
within this pH range in cold solution amounted to about 10X by weight of
the peel which was extracted. It would appear that only part of the pectin
is extracted under these conditions as extraction with hot acidic solution
at pli 2 has yielded more pectin (101),

The pectin extracted with cold water was subjected to fractiomation by
non=solvent precipitation with acetone. After repeated precipitations,
polysaccharide 1e, /[OC/, + 216°, with uronic acid content 75% and methoxyl
content 10.7% indicating that approxin-tols 007 of the carboxyl groups are
esterified, was obtained which contained mainly galacturonic aecid with
galactose and arabinose and small amounts of glucose, xylose and rhamnose.
Ion=exchange chromatography of this fraction on diethylamincethylcellulose
showed that neutral polysaccharides, containing galactose and arabinose as
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constituent sugars, were present. These polysaccharides amocunted to about
5% of the pectin. The acidic polysaccharides were eluted in two major
peaks and a minor peak probably due to varying acid and ester content within
the pectin,

The amount of neutral polysaccharides was reduced to 4% when a portion
of polysaccharide fraotion 1c was fraotionated via its insoluble copper salt
(92) to yield polysaccharide fraction 101, /O</) + 221°, with urenic acid
content 765 and methoxyl content 10.27.

The neutral polysaccharides were finally removed by chromatography on
diethylaminoethyl Sephadex A=50s This ion=escionge medium was found to
have a much greater capacity than diethylaminoethylcellulose, being able to
absord at least a tenth of its own weight of citrus peetin, and was thus
much more suitable for large scale separations.

Citrus pectin (polysacoharide fraction 13) was absorbed on diethylaminoethyl
Sephadex A=50 which was eluted first with water followed by 0.2.1. - formic acid
and g « formic acids The formic acid was removed by dialysis and the p¥ of
the solution adjusted to 4.5 with potassium acetate which is soluble in
ethanocl and therefore does not precipitate with the polysaccharides. The
pH was held at 4.5 during concentration to ninimise the risk of any kind of
degradation.

Citrus pectinic acid (polysaccharide fractiom 102), [O¢/y + 217°, with
urenic acid content 76 and methoxyl content 10.2% showing that no
de-ssterification had taken place, was desorbed from the diethylaminoethyl

Sephadex A-50 as the major fraction with - formic acid and contained mainly
galacturonic acid with galactose and arabinose and a small amount of rhamnose.
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Ion-exchange chromatography of the citrus pectinic acid on
diethylamincethyloellulose gave an elution pattern similar to that obtained
from diethylaminoethylcellulose chromatography of polysaccharide fraction fe
except for the absence of a peak corresponding to meutral polysaccharides
confirming that a pure pectinic acid free of neutral polysaccharides had
been obtaineds It is probable, however, that the citrus pectinic acid
contains a limited speotrum of polymers of varying acid content and varying
methyl ester content from its resolution into three peaks on diethylaminocethyle
cellulose.

The material eluted with O.ZE - formic acid contained polysaccharide
fraction fo2a, [OC/y + 78°, uronic acid content 27%,which contained mainly
galactose and arabinose with a small amount of galacturonic acid.

The water eluates centained polyssccharide fraction 102b, [O7, + 38°,
with uronic acid content 10, which gave mainly galactose, arabinose,and
glucose on hydreclysis together with lesser amounts of xylose, fucose,and
rhamnose,and a trace of galacturonioc acid.

It is possible that acidic degradation may have taken place during
desorption of the citrus pectinic acid with formic acid but this is thought
unlikely since no carbohydrate materinl was presemt in the supernatant
solution after precipitation nor was any other fraction present on
rechromatography of the pectinic acid on diethylaminoethyl Sephadex A=50,

Thus it would seem likely that the pectinic acid isolated by
chromatography on diethylamincethyl Sephadex A~50 is a genuine example of
citrus pectinic acid and that the neutral sugars detected are component
sugars of the pectin molecule.
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Citrus pectin wvas examined with a view to obtaining evidenoce of the
linkages between the various sugar components. Polysaccharide fraction
fc1 was subjected to partial hydrolysis atudies designed to release acidic
oligosaccharides and polysaccharide fraction ic was degraded by a
commercial pectinase preparation in order to obtain further evidence of the
linkages between neutral suc ar residues and galaoturonic acid. The
presence of a small amcunt of neutral polysaccharides in these fractions
is immaterial as only oligosaccharides containing acidic units were
considereds Citrus pectinic acid was subjected to graded acetolysis to
obtain information on the linkages between neutral sugar residues them—
selves as well as Lulween neutral sugars and galacturonic soid. TFurther
structural informati a was obtained from methylation studies on carboxyl
reduced citrus peciimic acids Information on the structures of the
polysaccharides present in polysaccharide fractions 1c2a and 102b was also
obtained from methylation studies.

Dartial Degradation of Citrus Peotin

Treatment of citrus pectin (polysaccharide fraction 1¢1) with X -
sulphuric acid resulted in the formation of a mixture of scidic
oligosaccharides, galacturonic acid, and neutral monosaccharides together
with an insoluble degraded polysaccharide which contained mainly
galacturonic acid with very small amounts of glucose, mannose,and xylose.

Chromatography of the mixture of sugars on charcocal gave a number of
fractions when eluted with water followed by water containing 35/ ethanol.
The first of the fractions eluted with water contained galacturonic acid



39

and oligomers of galacturonic acid only., The later fractions eluted with
water and the one eluted with water containing 35% ethanol contained acidic
oligosacoharides, galacturonic acid and neutral monosaccharides and were
suitably oombined on the basis of the acidic oligosaccharides which they
contained to give two further fractions. This separation was unexpected
as the purpose of the ocharccal column had been to separate the neutral
monosaccharides and some galacturcnio acid, which should have been eluted
with water, from the wid;o oligosaccharides, which should have been eluted
with water containing 35% ethanol,and was attributed to the charcoal not
having been washed with acid before use,

The three fractions obtained from the charcoal column were each
separated into acidic and nﬁntrd ¢omponents on diethylaminoethyl Sephadex
A=25. The neutral compenents contained only monosaccharides in the form
of galactose, arabinose, xylose, fucose and rhamnose together with traces
of 2 = 0 « methyl fucose and 2- 0 = methyi xyloses The acidic components
were further separated on diethylaminoethyl Sephadex A=25 and, where
neceasary, on filter sheets to give six acidio oligosacoharides and some
material which was immobile on Paper chromatography and contained
galacturonic acid only,

The acidic oligosaccharides which wers present in the largest amounts
vere 4 = 0 = (CX= D « galactopyrancsyluronic acid) = 2 = ealacturonic acid
(XVIII) and the polymer homologous trisaccharide, 2 =X= D « galacto~
pyranosyluronic acid = (1 9 4) = 0 = X~ 2 = galactopyrancsylurcnic acid -
(124) = 0 =X~ D « galacturonic scid (XIX) which were characterised by
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Galp A 1 4 Galp A Galp A 15 4 Calp A 1 > 4 Galp A
XVIII XIX

isolation of the calcium salts. The linkages in these ocligouronides were
confirmed by the reduction of the methyl glycoside of each to the methyl
glycosides of the corresponding galactobicse, 4 = 0 = X= 2 - galacto=-
pyranosyl = D - galactose (xx), and galactotricse, O = (X = D - galacto=
pyranosyl = (1 ® 4) = 0 = (X= ] = galactopyranosyl = (1 » 4) = 0 =X-2

galactose (XXI), followed by methylation and identification of the cleavage

Calp 1 5 4 Calp Galp 15 4 Galp 1 5 4 Galp
XX X1
products of the methylated oligosaccharides. This was achieved by the
formation of the respective methyl ester methyl glycosides to solubilise
‘tho oligouronides in pyridine followed by trimethylsilylation and reduction
with lithium aluminium hydride of the ether soluble products.

The methyl glycosides of the neutral oligosaccharides, (XX) and (XXI), were
then methylateds The methylated disaccharide obtninod from sequential
reduction and methylation of (XVIII) gave on methanolysis the methyl glycosides
of 2, 3, 4, 6 tetra = 0 = methyl - D - galactose and 2, 3, 6 tri = 0 - methyl -
.D." galactose which were identified by gas-liquid partition chromatography
indicating that the lintage in structure (XVIII) is correct. The methylated
trisaccharide obtained from sequential reduction and methylation of (XIX)
gave on hydrolysis 2, 3, 4, 6 tetra - O - methyl = D - galactose,
characterised as the crystalline aniline derivative, and 2, 3, 6 tri « 0 =
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methyl = D = galactose, characterised by conversion into the crystalline

2y 3, 6 tri =« 0 = methyl - D~ galactonolactone, in the ratic of 1:1.7

together with a small amount of 2, 6 di = O = methyl « D = galactose which
Tresidves ctherwise giving

if assumed to be due to undermethylation orlz, 3y 6 tri = 0 = methyl = D -

galactose would raise the above ratio to 112 and confirm the linkages in

structure (XIX). Undermethylation of the same galactotriose yielding

2, 6 di = 0 = methyl = D = galactose has alsc been reported by Jones and

Reid (11).

Twe coligosaccharides containing rhamncse and galacturonic acid were
also isclateds. The first of these gave the methyl glycosides of 3, 4 di =
O = methyl = L = rhamnose and 2, 3, 4 tri = 0 - methyl - D ~ galacturonic
acid after methylation and methanolysis and was characterised as 2 - 0 =
(o(—g -« galactopyrancsyluronic acid) - L = rhannose (XXII) by conversion
into ths corystalline methyl glycoside pentamethyl ether, The second
contained galacturcnic acid and rhamnose residues in the molar ratio of
1.2:1 (87)(89) while the derived glycitol contained these residues in the
ratio of 2,2:1 showing that rhaunose was the reducing group. Mild acid
hydrolysis of the glycitol afforded 2 = O = (CX= D = galactopyranosyluronioc
acid) = L = rhannose and 2 = 0 = (OK= D = galactopyranosyluronic aeid) - L~
rhamnitol while methylation of the tetrasaccharide glycitol followed by
methanolysis afforded 1, 3, 4, 5 tetra = 0 = methyl = a = rhamnitol and the
methyl glycosides of 3, 4 di = O = methyl = L - rhamnose, 2, 3, 4 tri = 0 -
methyl "2" galacturonic acid, and 2, } di « O = methyl -g- galacturonic
acids These results suggest that the sugar has the structure (XXITI).
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Assuming that the oonfiguration of the linkage from galacturonic acid to
= A =
M2A1°-;2mmg Galp A 1 2 Rhap 1 < 4 Galp A 1 & 2 Rhap
XXII XXIII

l‘w is o/ as in the aldobiouromic acid then it is probable from the
m rotation of +92° that tis configuration of the linkage from rhamnose
to galacturonic acid is /3 ’

In addition to these oligosaccharides containing galacturonic acid, two
aldobiourconic acids were obtained which contained glucuronic acid. The
first of these gave glucuronic acid, glucurcne and galactose on hydrolysis
and on methylation and subsequent methanolysis gave the methyl glycosides of
2, 3y 4 tri = 0 = methyl = D - galactose and 2, 3, 5 tri - 0 = methyl = D -
galactose. On the basis of this and the specific rotation of +6° whioh was
similar to that obtained for the same disaccharide isclated from soyabeans
(40)(41), it may be assigned the tentative structure, 6 = 0 - (/3 -0~
glucopyranosyluroniec aéid) = D = galactose (XX1V)s The second gave
glucuronic acid, glucurone, and fucose on hydrolysis and the methyl
glycosides of 2, 3, 4 tri = 0 - methyl «De gluourcnic acid and 2, 3 di -
0 « methyl = g - fucose after methylation and subasguent nfh.uolml. On
the basis of these cleavage products together with the m rotaticn of
~70° which was similar to that obtained for this disaccharide isclated from
soyabeans (40)(41), the structure, 4 = 0 = (ﬁ o X glucopyranosyluronic
acid) = L = fuccse (XxV) may be assigned to the disaccharide.

ogluﬁsmg 0211@)4!\102

XXIv IXv
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A further sample of citrus pectin (polysaccharide fraction 1c2) was
subjected to graded acetolysis which furnished an insoluble degraded poly-
saccharide,containing galacturonic acid only,and a mixture of mono- and
oligosaccharides. This mirture was separated into neutral and acidio
components on diethylaminoethyl Sephadex A-Z5. The neutral components
were composed mainly of galaotose and arabinose with leaser amounts of
xylose and rhamnose but there were no deiestalkls neutral oligosaccharides.
The acidic components were further fractionated on diethylaminocethyl Sephadex
A=-25 and, where necessary, on filter sheets to yield oligomers of galacturonic
acid and three rhamnose and galacturonic asid coataining oligosaccharides,

The first of these was characterissd as 2 = 0 = (o«-g- galacto=
pyranosyluronic acid) = L - rhamnose by conversion into the orystalline
nethyl glycoside pentamethyl ether as before. The second oligosaccharide
gave galacturonic acid and rhamncse on hydrolysis and 2 = 0 = (X =D =
galactopyrancsyluronic acid) = g - rhamnose and rhamnose on partial
hydrolysis while partial hydrolysis of the glycitol gave the same aldo=
biouronic acid and rhamnitol. Sequential methylation and methanolysis
of the trisaccharide glycitol gave 1, 3, 4, 5 tetra « 0 - methyl -3-
rhamnitol and the methyl glycosides of 3, 4 di = O - methyl - £ rhamnose
and 2, 3, 4 tri = Q = methyl = D - galacturonic acids These results
together with the m rotation suggest that this fragment has the
probable structure (XXVI)s The third oligosaccharide,when subjected to

0&12&1321!1:;31/-5’2&.2
XXVI '
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hydrolysis, partial hydrolysis of the glycitel and methylation of the
glycitol,gave results which indicated that it was identical to the ascidic
tetrasaccharide (XXIII).

Citrus pectin (polysaccharide fraction 1¢) was also subjected to
enzgymic degradation using a commercial pectinase preparation. The
degradation products were separated into neutral and acidic components on
diethylaminoethyl Sephadex A=-25, the acidic components being further
fractionated on diethylaminoethyl Sephadex A-25 and, where necessary, on
filter sheets to give four oligosaccharide components.

The Tirst of these gave galacturonic acid and xylose on hydrolysis
while the derived glycitol gave xylose only. Methylation of the
glycitol followed by methanolysis gave [ = 2, 3, 5, 6 tetra = 0 = methyl =

L

D~ galactonolactone and the methyl glycosides of 2, 3, 4 tri - _0_? methyl =
specific

2 - xyloses On the basis of these results together with the 4

rotation and chromatographic mobility it is possible to assign the

tentative structure (XXVII) to the disaccharide.

Xylp 1 5 3 calp A
XXVII
The second oligosaccharide had twice the mobility of galacturonic neid
in Solvent B and contained 46% rhamnose (89) but after hydrolysis of the
oligosaccharide and the glycitol only rhamnose and rhamnitol respectively
could be detected., Methylation of the oligosaccharide followed by
methanolysis gave on gas-liquid partition chromatography the methyl
glycoside of 3, 4 u-g_--othyl-é-rhanou and a number of peaks
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which could not be identified. FExamination of the absorption spectra of
the oligosaccharide showed that it had an absorption maximum at 231 7.1

and when reacted with thiobarbituric acid (51) gave a red coloured solution
which had an absorption maximum at 547 n):. Cn the basis of the chroma~
tographic mobility of the oligosaccharide an’ the proportion of rhamnose

it contains, it would appear that it is a disaccharide. The absorption
maximum of 231 m j of the disaccharide suggests that it contains an oL, /5
unsaturated acide This is confirmed by the absorption maximum at 547 m P
obtained after the disaccharide had been reacted with thiobarbituric acid,
In light of this and the distinctive orange colour givem by the

disaccharide with aniline oxalate spray reagent and also from the isclation
of 4 =C = (4-m-p-£-throo-hox-4-mosﬂuronio utd)-g
galacturonic acid from other enzymic degradation studies (65), the structure
(XXVIII) is suggested for the disaccharide. The (X configuration is proposed

ll_oHé:Ha) H@OH

XXVITI

S eci‘hc,
from th--o;uod- rotation of +87° Prom the isolation of this unsaturated

disaccharide it would appear that the pectinase preparation contains some
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pectin transeliminase activity. The possible instability of the O /3
unsaturated acid to acid could explain its absence on paper chromatography
and also the unknown peaks on the gas chromatogram which could have arisen
from its degradation product or products.

The third oligosaccharide comtained gulsoturonic acid and rhamnose
residues in the molar ratioc of 1.9:1 while the glyeitol contained these
residues in the ratio of 1:1s Alkaline degradation of the oligosaccharide
with triethylamine (99) gave 2 = 0 = ((X= D = galactopyranosylurenic aeid) =
L - rhamnose. Sequential methylation, methanolysis and gas=liquid
partition chromatography of the glyeitol gave the methyl glycosides of
39 4 &4-0 - methyl = L ~ rhamnose and 2, 3, 4 tri = O = methyl = D =
galacturcnic acid together with a peak which was not identified but was
suspected to have arisen from the methyl ester or lactone of 2, 4, 5, 6 =
tetra = O « methyl - D - galactonic acids In an effort to confirm this,

4 = Q2= (X= D« galactopyrancsyluronic acid) = D = galactonic acid was
methylated as was 3 = 0 = (X = g - galactopyranosyl - 2 - galactonolactone
(3«0 =KX= 2 = galactopyranosyl = D - galactose was kindly supplied by
Dre Te Co Se Dolan) and on methanolysis and gas-liquid partition chroma=
tography both gave a peak which had the same relative retention times on
different columns as had the unidentified peak in the methanolysis products
of the methylated oligosaccharides. This evidence, however, is not
conclusive as the gas chromatograms contained other peaks which could not
be accounted for.

As the ratio of galacturonic acid to rhamnose is 211, the oligo=
saccharide must be a trisaccharide or a hexasaccharide or so on. From its
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mobility, however, it would appear to be a trisaccharide. On the basis
of the formation of 2 = 0 = (X = D « ralactopyrancsyluronic acid) = L~
rhazmnose from alkaline degradation, the structure (XXIX) is suggested with

thp_A‘l-)‘2Rhcp_1-)?GLIA
XXIX

the linkage between the rhamnose unit and the galacturonic aoid unit at the
reducing end through either the 3 or 4 positions. This structure is
substantiated from methylation evidence both from the products obtained,
394 4 =0 ~ methyl = L - rhamnose and 2, 3, 4 tri = O - methyl *D=
galacturonic acid, and from the absence of any 1, 3, 4, 5 tetra = 0 =
methyl -g- rhannitel and any 2, 3 41 = 0 = methyl -3- galacturonic acid.
Although the evidence obtained from thu methylation of 4 = 0 = (ot = D~
galactopyrancsyluronic acid) = D - galaotonic acid and } = 0 = K= D
galactopyranosyl = 2= galaotonolactone is not conclusive, it would suggest,
along with the absence of any 2, 3, 5, 6 tetra « 0 = methyl - 2 = galactono=-
lactone or any 2, 3, 4, 6 tetra = Q0 = methyl = L = galactonolactone, that
the linkage is through the 4 position and that the trisaccharide has the
struoture (XXX)s The suggested configurations for the two linkages are

Galp A 152 Rhap 1 54 cal A
XXX

5?9,0;'.{'1.(,
based on an eptieal rotation of +85°,

The fourth oligosaccharide contained mainly galactose together with
glucose, arabinose, xylose, rhamnose, galacturonic acid and probably a small
amount of glucuronic acid. No change in the hydrolysis pattern was observed
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after formation of the glycitel or after alkaline degradation with
triethylamine (99)s Sequential methylation, methanolysis and gas-liquid
partition chromatography gave a complicated chromatogram from which the
methyl glycosides of the following sugars were identified.

2y 3y 4 tri = 0 = methyl =« L - rhamnose

2y 3y 5 tri = 0 = methyl = L - arabinose

3y 4 &4 = 0 - methyl - L - rhamnose

2, 3y 45 6 tetra = O = methyl - D ~ galactose
2y 35 6 tri = 0 = methyl = D ~ galactose

2, 3, 4 tri = 0 - methyl = D « galacturonic aeid

This would appear to be a high molecular weight fragment containing a
predominance of neutral sugar residues. The linkages between the sugar
residues seenm to be of the usual type found in pectins but from the
complicated nature of the gas chromatograms it is impossible to draw any
firm oonclusions as to the structure of the oligosaccharide.

This methylation was carried ocut in order to obtain more information on
the linkages present in the polysaccharide.

Citrus pectinic acid was reduced by the method of Rees and Samuel (100).
This involved the formation of the 2-hydroxyethyl esters of the free acid
groups in the pectin with ethylene oxide, acetylation, and finally reduction
with lithium borochydride of the acetylated, esterified pectin suspended in
tetrahydrofuran.s The reduced polysaccharide gave galactose as the only
detectable sugar after hydrolysis., This was due to the relatively large
amount of galactose present after reduction in relation to the other

monosaccharides.
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Methylation of the reduced polysaccharide and subsequent examination
of the methanolysed products by gas-liquid partition chromatography yielded
the methyl glycosides of the sugars in table XXIV,

TABLE XXIV
Sugar Relative Amounts
2y 35 4 tri = O = methyl = L = rhamnose tr.
2y 3y 5 trli = 0 = methyl - L - arabinose +4
3y 4 4 = 0 = methyl ~ I - rhamnose +
3= 0 = methyl = L « rhanncse E
2y 34 = 0 = mothyl = 1 - arabinose +
2 = 0 = methyl = L = arabinose tre
2, 3y 4y 6 tetra = O = mothyl = D = galactose ++
2, 3, Gtri-_o_-uthyl-g-gﬂ.wtoso ER
2,6«!1-2--“”1-2-3311:»““ 4t

19 35 45 5 tetra = Q = methyl ~ L - rhamnitol was also detected in
approximately the same amount as 3, 4 di - 0 - methyl = L « rhamnose.
The detection of a large amount of 2, 3, 6 tri « L - methyl -g-

gnlactose indicates the essentially linear nature of *“~ nolymer.

The fraction eluted from diethylaminoethyl Sephadex A«50 with 0e2 =~
formic acid (pelysaccharide fraction 102a) was methylated, the fully
methylated polysaccharide was methanoclysed and the methyl glycosides of the
sugars obtained together with their relative amounts are given in table XXV,
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TABLE XXV

Suger Relative Amounts
2y 3y 4 tri = Q = methyl = L = rhamnose
2, 3, 5 tri = 0 = methyl ~ L - arabinose
2, 3,4&1-9_--011::1-3-;:&1’1:0-0
3y 4 41 = 0 = methyl = L = rhannose
2, 341 = 0 = methyl - L - arabincse
2,541-9_--“&1-&-&:&::“.
2y 3y 4, G tetra = O = methyl = D « galactose
2, 3, 6 tri = 0 ~ methyl = D - galactose
2y 4y 6 tri = 0 - nethyl « D - galactose
2y 3y 4 tri = 0 = methyl "2- galactose
2y 6 di - 0 - methyl = D - galactose
2,4d1~9_~nthyl-£-nlutou

EERE s

Hydrolysis of the methylated polysaccharide and examination of the
methylated sugars by paper chromatography showed that small amounts of
L = arabinose and 2 = 0 = mothyl = L « arabinose were present along with
the sugars above.

The fraction whioh was not absorbad on diethylamincethyl Sephadex
A=50 (polysaccharide fraction 102b) was methylated and the methyl glyocsides
of the sugars obtained after methanolysis are given in table XXVI along

with their relative amounts.
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TABLE XXVI
Sugar Relative is
2y 3y 4 tri « 0 = methyl = 2 = xylose - tre
2,3.5&1-9_-nth’1-£—unuam 44
2y 3y 4 tri - 0 = methyl = L = arabinose tr.
3,441-2--.&;1-'1‘-:“9” tr.
2y 3y 4y 6 tetra = O = methyl = 2D = glucose tr.
R.Jdiog_-mul-a-arnbimo A
2y 3y 4, 6 tetra = O = methyl = D - galactose +
2, 3,6tr1-9_-n¢th:1-2-muton e
2y 3y 6 tri = 0 = methyl = D - glucose ++
2,641-_’;-:0&:1-%-“1”'&0” tre.

a = arabinose and 2 = 0 = methyl = é = arabinose were identified in
this case also along with the methylated sugars above by paper chromato=
graphy after hydrolysis of the fully methylated polysaoccharide.

The failure to detect any methylated galacturonic acid residues in both
methylated fractions and the change in m rotation from +80° to -95°
in the firet case and from +38° to =71° in the second case could be
indicative of fractionation taking place during the methylation procedure
or of alkaline degradation which would seem more likely with the fraction
absorbed on diethylaminoethyl Sephadex A=50 as absorption indicates that

only acidic polysaccharides are present.
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EV. ON OF ST I 0

The structural significance of the results obtained for citrus
pectinic acid can be discussed in relation to their bearing on the
galacturonan chain, on the rhamnose portion of that chain and on the sites
of attachment and structure of side chains,

The isolation of galacturonobiose (XVIII), galacturonotriose (XIX),

Calp A 1 34 Calp A Galp A 134 Calp A 154 Galp A
XVIII XIX
the indication of larger fragments containing galacturonic acid only, and
the formation of a degraded polysaccharide oontaining predominantly
galacturonic acid residues, as products of partial hydrolysis shows that
citrus pectin has a typical pectic structure with basal chains of (1 = 4) -
linked OX= D = galactopyranosyluronic acid residues (XXXI)s ‘This is

s 0edO= g-anlgMﬂu-D-GalgM-uu-g-udnAh4wg-mlu see
XXXI

confirmed from methylation studies on carboxyl reduced citrus pectin which
yielded a high proportion of 2, 3, 6 tri = 0 = methyl - 2~ gahofm
indicating linear chains of the above type.

The isolation of a number of cligosaccharides from partial hydrolysis
(XXII & XXIII), acetolysis (XXII, XXIIT & XXVI), and ensymolysis (XXX)
containing both galacturonic acid and rhamnose residues would suggest that

ox=D=GalpAia2L-Rha XXII
o(=D=Gal pA192=L-Ehap14oi=D=0al pA1=2L-Rha XXIII
(<=D=081 pA1925= LeRhap 192 L~Ttha XXVI
O(=D=0al pA192/=LmRhap14D-GalA XXX



53

rhammose is also a constituent of the basal chains of citrus pectin. The
detection of contiguous rhamnose units, no more than two have been found
together, trisaccharide (XXVI), together with the presence of alternating
galacturonic acid and rhamnose units, tetrusaccharide (XXITI), when
considered with the high proportion of galacturonic acid to rhamnos® units
would suggest that the rhamnose units are present in groups in the basal
chain rather than being randomly distributed.

Cligosaccharides containing galacturonic acid and rhamnose residues
have also been obtained from lucerne pectic acid (39)(42), from the pectic
acid from the bark of amabilis fir (15), and from the acidic polysaccharides
from soyabeans (40)(41).

If all the rhamnose units are assumed to be contained in the basal
chain, then the detection of 2, 3, 4 tri « C = methyl - 3-— rhamnose and
19 3y 4, 5 tetra = 0 = mothyl =« :I_;,- rhasnitol from methylation studies on
carboxyl reduced citrus pectin would suggest that a mumber of these
residues are present at the reducing and non-reducing ends ¢f the chain,
19 3y 45 5 tetra = 0 = mothyl = é" rheomitol being assumed to have arisen
from the reduction of the reducing end group during reduction of the
carboxyl groups. Only limited evidence is available regarding the
glycosidic configuration of the rhamnosidic residues, However, from the
SEREERt watediond of. evitetn. Ailasemitenddne demtatuing Mt galacturonio
acid and rhamnose, some are assigned s/j configuration.

The failure to remove all the neutral sugar residues on repeated
fractionation can be taken as evidence that these residues are present in
side chains in citrus pectin and some indication of the sites of attachment
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of these side chains is obtained from the detection of 3 = O = methyl - L~
rhamnose and 2, 6 di = 0 - methyl = D ~ galactose on methylation of carboxyl
reduced citrus pectinic acide Due to the difficulty in getting complete
methylation 2, 6 di = 0 = methyl = D = galactose could possibly arise from
undermethylation of 2, 3, 6 tri = O = methyl = D ~ galactose as it was
detected as an undermethylation product from 0 -« K= g- galactopyranosyl -
(1 24) - £ = X= D = galactopyranosyl = (1 » 4) = D - galactose. HNowever,
some of it at least must arise from the attachment of xylose residues to
the basal chain as the pseudo=-aldobiouronic acid, 3 - g-/j- D = xylo=
pyrancsyl - g = galacturcnic acid has been isclated from enszymic
degradation studies, These partially methylated sugars, then, suggest
that branching takes place through the 4 position in some of the rhamnose
residues (XXXII) and the 3 position in some of the galacturonic aeid
residues (XXXITI)s This would also appear to be the case in sisal pectic

see? ml 1eee L] 0.125_ Jese
4 3
1 1
XXXII XXXIII

acid (36), lucerne pectic acid (39), the pectic acid from the bark of
amabilis fir (15), and the acidic ol;aaccharides from soyabeans (41),
although, in these instances, apparent branching through the 2 position and
both the 2 and 3 positions in some of the galacturonic acid residues was
also detected.

As regards the side chains themselves, the arabinose residues would
appear to be present in a highly branched structure similar to that found
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in pectic arabinans as methylation studies on carboxyl reduced citrus
pectinic acid have yielded 2y 35 5 tri « 0 = methyl - g =« arabinocse,
2, 341-_0_--.»;1-g-munmmaz-g-nnm-gou-m.
This type of arabinose side chain is alse found in lucerne pectic acid (39).
The galactose residues, on the other hand, appear to be present only as
single non-reducing emnd groups as no evidence has been odtained from
acetolysis studies for (1 9 4) = linked chains of galactose residues,
This type of single unit side chain has also been found in lucerne pectic
acid (39) whereas chains of (1 » 4) = linked /3 = D = galactopyrancse
residues have been found in sisal pectic acid (36), commercial oitrus
peotin (17), and the acidic polysaccharides from soyabeans (40), (41).
Xylose, fucose, 2 - 0 = methyl fucose and 2 - O « methyl xylose have
also been detected in small amounts in oitrus pectin but of these, only
xylose has been located in the molecule from the isolation of the pseudo=
aldobiouronic acid 3 = 0 = = D = xylopyranosyl - D-galacturonic acid
which indicates that the xylose residues are linked to the basal chain
through the 3 position in a few of the galacturonic acid residues. This
pseudo=aldobiouronic acid has also been isolated from enzymic degradation
of tragacanthic acid (43) and the acidic polysaccharides from soysbeans (40).
Acidic oligosaccharides (XXIV) and (XXV) containing glucuronic acid
have also been isolated from partisl hydrolysis studies. Although there

/3-2-02110620112 f=2=0pA 19 4-Fucp
X1V XXv
is no evidence for the location of glucuronic acid units in citrus pectin,
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it 1s almost certain that glucurconic acid is a constituent sugar as these
oligosaocharides have also been isolated from lucerne pectic acid (42) and
from the acidic polysaccharides from soyabeans (40(41), Similar oligo=
saccharides have been isolated from tragacanthic acid in which the
glucuronic acid residues are present as end groups on side chains (94).

The small amount of polysaccharides of low uronic acid content (274)
eluted from diethylaminoethyl Sephadex A-~50 with 0.2& - formic acid were
methylated in order to gain some insight into their struoture. The
detection of 2, 3, 6 tri =, and a small amount of 2, 6 di « O =« methyl =
2 -~ galactose would indicate that some of the galactose residues are linked
through the 1 and 4 positions whereas the detection of 2, 3, 4 tri -,
2,4y 6 tri =, and 2, 4 di - Q0 ~ methyl - g- galactose would indicate
that others are linked through the 1 and 6, and 1 and 3 positions. The
arabinose residues would appear to be linked mainly through the 1 and 5
positions from the deteotion of 2, 3 di = C = methyl - .1‘ - arabinose
although there is evidence from the presence of some 2, 5 di = @ - nethyl -
-]; - arabinose that some arabinose residues may be linked through the 1 and 3
positions. Branching is also evident in the arabinose structure from the
detection of 2 = 0 = methyl = g - arabinose and .I_a' - arabinose which is not
thought to be due to undermethylation, from the high methoxyl content and
also from the absence of any unmethylated galactose.

As this fraction was absorbed on diethylaminoethyl Sephadex A=50 it
would appear to contain gemuine acidic polysaccharides. The absence of
any methylated galaoturonic acid residues is thus more likely to be due to

alkaline degradation during methylation rather than to inadvertent
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fractionation during methylation. From the diverse nature of the linkages
between the galactose residues it would appear that this fraction contains
either an extremely complex acidio polysaccharide or a mixture of acidic
polysaccharides.

The small amount of polysaccharides (uronic acid content 10%) which
were not absorbed on diethylaminoethyl Sephadex A-50 were also methylated
and ylelded 2, 3, 6 tri = 0 = methyl - D = galactose and a small amount of
2, 6 di = 0 - methyl - D galactose as the only methylated galactose
residues indicating that the galactose residues are linked through the
1 and 4 positions with some branching through the 3 position. The
arabinose residues seemed to be present in a pectic arabinan type of
structure as 2, 3, 5 tri « 0 - methyl - L -~ arabincse, 2, 3 di « 0 -
methyl -« L arabincse, and small amounts of 2 = 0 «~ methyl = L - arabinose
and ’L. - arabinose were deteocted. The g - arabinose is again assumed to
be an authentic product and not due to undermethylation from the high
methoxyl content and the absence of any unucthylated galactose.

From these methylation results it would appear that this fraction is
composed of a pectic type arabinogalactan or a pectic arabinan and
galactan together with some acidic polysaccharide which may have been
removed by inadvertent fractionation during methylation or have been
subjected to alkaline degradation during methylation. The detection of
2y, 3, 6 tri « 0 = methyl - D~ glucose would suggest that a contaminating

glucan of the starch type is alsc present.
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SUMARY

The basal chains of oitrus pectinic acid, extracted from lemon peel
with cold water, are composed of (1 & 4) = linked (X= D - galacto=
pyranosyluronic acid units interspersed with rhamnose units which are not
raniomly dispersed but are located in groupss To the basal chains are
attached side chains of arabinose units in a pectic arabinan type of
structure and galactose units probably as single unit end groups. Xylose
units are alsc attached to the basal chains through the 3 position in the
galacturonic acid units.

On the basis of the galactose residues, this citrus pectinic acid
is significantly different from commercial citrus peoctin as, in that case,
side chains of (1 # 4) = linked /3- 2 - salactopyranose residues were
detected (17)s This could mean that the extraction procedure with cold
water solubilises a pectinic acid of hjgl; sster content and single unit
galactose side chains and more drastic extraction procedures such as used
in the commercial process are needed to solubilise peotinic acils of lower
ester content which may have larger side chains of galactose residues.
Hot acidic solution has been shown to extract more pectin from lemon peel
(101) but no structural investigations have been carried out on it as yet.
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DS OF I CATION

Taper Chromatography
Qualitative chromatographic separations were carried out on Whatman

No. 1 paper. Quantitative chromatographioc separations were carried out
on Whatman Nos 3 MM filter sheets whioch hed previously been extracted for
24 hours with bdoiling water.
The following solvent systems (v/v) were eaployed to develop the
chromatograms.
Ae ethyl acctate : pyridine : water. (10 3 4 1 3)
Be ethyl acetate : nacetic acid s formic acid : water (18 : 3¢ 11 4)
Co ethyl acetate : acetic acid : formic acid : water (18 : 8: 31 9)
DP. ethyl acetate : pyridine : acetic acids water (5 1 5: 1: 3)
Ze butan = 1« 0l : othanol : water (4 s+ 1 s+ 5 upper layer)
P Dutan - 2 = one : water : ammonia (200 s 17 s 1)
The By value of a sugar refers to its mobility relative to sugar X.
The RBg value of a methylated sugar refers to its mobility relative to
2y 3y 4 6 tetra = 0 = nethyl = D = glucose.
Paper Tonophoresis
Electrophoresis was oarried out in borate buffer at pH 10 (79) for
4 hours, applying a potential wvoltage of 350 ve. The Mg value of the sugar
refers to its mobility roiutin to 3- glucose, a correction being made
for eleotroendosmotic flow by incorporating 2, 3, 4, 6 tetra = 0 = methyl =

g- glucose,
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c 1 S Re ts

Reducing sugars were detected by spraying with a saturated solution
of aniline oxalate in methylated spirits.

Sugar alcohols and small amounts of reducing sugars were detected
with silver nitrate reagent (80),.

Sugar alcohols were also detected with periodate-permanganate
reagent (81).

Co () to
Cellulose Colunns

Cellulose was washed with l sodium hydroxide followed by distilled
water until free from alkali. The callulose was then added to the
column, plugged with a layer of silver sand on glass wool, as a slurry
and washed thoroughly with water.

Charcoal Col

Activated charcoal was washed several times with distilled water,
which was decanted. The charcoal was then packed into a suitable
column in a slurry, which was allowed to settle under gravity and was
thoroughly washed with water,

c ~Celite Col (82)
Charcoal was promod as aboves Celite was washed first with 1 : 1

hydrochloric acid followed by water until free from chloride ions. A
slurry composed of equal weights of charcoal and Celite in water was
added to a column,plugged with a layer of silver sand on glass wool,and
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allowed to settle under gravity. The column was then washed thoroughly

with water.

DEAE Cellulose Columns (67)
Diethylaminoethylcellulose was washed alternately with 0.1 g -

hydrochloric acid and 0.1 J - sodium hydroxide. After washing free

from alkali with water, the column was packet as a slurry. The column
was then generated in the phosphate form by elution with 0.5 e sodium
dihydrogen phosphate buffer (pH 6, 2000 ml) and finally equilibrated with
04005 X = sodium dihydrogen phosphate buffer (pH 6, 1000 m1)s The poly=-
saccharide mixture, in a small volume of water, was absorbed on to the

column and eluted with the desired buffers.

DEAE Sephadex Columns
Diethylaminoethyl Sephadex (A - 25 and A = 50) was initially swollen

in water and the finest gel particles removed by decantation. The gel
was then washed alternately with 0.5 g « sodium hydroxide and 0.5 g -
hydroohloric acid and washed free of chloride ions with water. The
Sephadex was then generated in the formate form by washing with 3 g-
formic acid and, after packing in a slurry, free acid was removed by

washing with water.

Gas-liquid Partition Chromatography

Qualitative separations were carried out on the "Pye Argon" instrument
using the following columnss=
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(a) 15% by weight of butan = 1, 4 = diol sucoinate polyester on
dichloro=dimethylsilane treated Celite (80 = 100 mesh) at 175°,

() 107 by weight of polyphenyl ether /7 - bis = (m = phenoxy =
phenoxy) benzens/ on dichloro-dimethylsilane troated Celite at 200°,
(e) 27 »y weipht of neopentylelveol adi: .te polyester on dichloroe
dimethysilane treated Celite at 125°, 150° or 175°,

(d) 117 by weight of diethylene glycol succinate polyester on dichloroe
dimethylsilane treated Celite at 150°,

(e) 5% by weight of cyano ethylmethyl siliocons on dichloro=
dimethylsilane treated Celite at 125°,

 Retention times (T) of methyl glycosides are given relative to
the mobility of methyl 2, 3, 4, 6 tetra - £ = methyl =} - D~

glucopyrancside,

Zvaporations were carried out under reduced pressure below 40°,

Hydrolysis

(A) Eydrolysis with sulphuric acid. Samples of polysaccharide

(5 = 10 ng) or oligosaccharides (1 = 2 mg) were heated at 100° with a
given normality of sulphuric acid for the desired length of time. The
cooled solutions weremutralised with barium carbonate and the
precipitate was removed at the centrifuge. Any residual barium ions
were removed with Amberlite IR 120(H) resin before comcentrating.

() Hydrolysis with hydroohloric acid., Samples of methylated poly=
saccharides (5 = 10 mg) and oligosaccharides (1 = 2 mg) were hydrolysed
with ¥ hydrochloric acid at 100° for the desired length of time. The
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cocled solution was neutralised with silver carbonate and the precipitate
was removed at the centrifuge. Any residual silver ions were removed
with Amberlite IR 120(H) resin before concentrating,

(c) Methanolysis. Samples of methylated polysaccharides (5 = 10 mg.)
and oligosaccharides (0.5 = 2 mg.) were heated at 100° in methanolic 45
hydrogen chloride for the desired length of time. The cooled solution
was neutralised with siiver carbonate and therecipitate was removed at
the centrifuge before concentrating the solution to a small volume in the

presence of chloroform.

Small Scale Methylations (83) were carried out by dissolving the oligo-

saccharide (0.5 = 2 mge) in N, ¥ dimethylformamide (0.5 ml.) and adding
methyl iodide (1 ml.) and silver oxide (042 ge)s The mixture was then
shaken for 24 hrs. at room temperature in the dark. Excess chloroform
was added and the precipitate removed at the centrifuge before
evaporating to dryness under reduced pressures The N, N dimethyl=
formamide was reamaoved by mou-opd; distillation under reduced pressure

with toluene.

Descthylations were carried out by the method of Bemnner, Bourne and
lﬁ’ﬁll’ (8‘).

Methoxyl determinations were carried out by the semi-micro Zeisel
method (85).

To the sugar solution (2 ml.) containing (20 = 150 P.g.) sugar
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was added 5% aqueocus phenol solution (1 ml,) and concentrated sulphuriec
acid (5 mle)s The solution was mixed, set aside for 10 mins. and kept at
30° for 10 mins. Absordbance was measursc at 490 m ).n for hexoses and

480 m /a for pentoses and uronic acids.

on o Ae de by C ole Method (87)

To the sugar solution (1 ml.) containing (5 = 100 ’.\.g.) of uronie
acid at 0° was added concentrated sulphuric acid (12 ml.) and the
solution was heated to 100° for 20 mins. After cooling, carbasole
reagent (1 ml.,) was added and the tubes left for exactly 25 mins. before

measuring the absorbance at 520 m F'

Est ) d de Dec 1 was carried out

using the decarboxylation methed of Anderson (88).

oride was carried out aocording

to Dische (89)0

Thiobarbituric Aeid Resotion for ,/3 unsaturated aecids was carried out

using the method of Albersheim, Neukom, and Deuel (51).

COptical Rotations were cbserved in aquecus solutions, at 2022°, unless

otherwise stated.

Melting Toints were determined either by using a Kofler hot-stage

mioroacope or in capillary tube.
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Borohydride Reduction
The oligosaccharide (2 « 3 mge.) was dissolved in water and left

overnight with excess potassium borehydride, Any remaining borohydride
was destroyed with Amberlite IR 120(H) resin, and the solution was
evaporated to dryness, boric acid being removed by repeated evaporation
with methancl as the volatile methyl borate.

Acetylation (90)
The polysaccharide (1 g.) was dissolved in formamide (25 ml.).

The sclution was then heated to 40° and anhydrous pyridinme (7 ml.) added
dropwise with vigorous stirrimg.icetic anhydride (18 ml.) and anhydrous
pyridine (20 ml.) were then added dropwise with vigorous stirring at 40°
over & period of 2 hours. The acetylation was completed by vigorous
stirring for } days at room temperature.

The solution was poured into ice-cold hydrochlorie acid (2 ¥ ,
200 ml.) and the acetylated pclysasccharide was removed at the centrifuge.
It was then washed with cold water and disseclved in chloroform, the
remaining traces of water being removed by repeated distillation with
chloroforme. The solution was then dried over anhydrous sodium
sulphate, concentrated and precipitated from light petroleum
(BoPs 60=80°)s After washing with light petroleum, the polysaccharide

acetate was dried over phosphorous pentoxide and paraffin wax,.

Aniline Derivatives were prepared by refluxing equimolar portioms of

the sugar and freshly distilled aniline in ethancl for the appropriate
time, The reaction was carried out under nitrogen in the dark and,
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after evaporating off excess sclvent, the derivative was reorystallised
from an appropriate solvent.

Aldonolactones were prepared by dissolving the sugar (10 = 100 mg.) in
water (5 ml.) and adding bromine (10 = 30 drops). The mixture was left
in the dark for 3 days and then excess bromine was removed by aeration.
The solution was neutralised with silver carbonate, centrifuged, silver
salts precipitated with hydrogen sulphide, centrifuged and concentrated.
The syrup was extracted with acetone and the derivative was erystallised

from the appropriate solvent.

Organic Solvents were puriried and dried by methods quoted by Vogel (91).



EXTRACTIOR CTICNATION

Powdered lemon peel was kindly supplied by Mr, We C. Platt of the
Ventura Coastal Lemon Corporation, Ventura, California, U.3.A. The
dried peel had been previcusly extracted with propan - 2 =« ¢l to remove
lemon oil and gave on hydrolysis the following sugars; galacturoniec

acid (+++4+4+), galactose (++), glucose (+), mannose (tr.), arabinose (+++),

xylose (+), and rhamncse (+).

The powdered peel (50 ge) was stirred in water (1.5 1.) at room
temperature for 24 hrs., the sclution was centrifuged and the supernatant
golution was poured into ethanol (4 vol.) containing 1% hydrochloric acid.
The precipitated polysaccharide fraction A was washed free of acid with
ethanol, washed with ether and dried in vacuo. The residual peel was
stirred in water (1.5 1.) for & further 24 hrs. and the solution treated
as above to give polysaccharide fraction g The supernatant solutions
from the ethanol precipitations were neutralised with silver carbonate,
centrifuged and concentrated to syrups, fractions C and D, which were
dried over phosphorus pentoxide in wvacuoc.

The residue from the cold water extractions was then stirred in water
(145 1.) at 55° for 8 hrs. and the sclution treated as before to yield
polysaccharide fraction E.

Folysaccharide fraoticns A, B and E were hydrolysed in ; - gulphuriec
acid and the hydrolysates were chromatographed in solvents A and 3B,
Fractions C and D were chromatographed directly in solvents A and B,
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TABLE I
Fraction | OaleA | Gale | Ge | Mans | Arae | Xyle | Rhae | Oligo(a) | Wt.(2)
Ae P4 | 4+ | 44| tre | 4ee + + / 34486
Be 4444 | 24 | 44| tre [ |+ + / 14457
Os / ¢ |+ | » |t2e | / / ++ 0.066
De / ¢ |ses| o |tre | / / ++ 0,016
Be P ++ + + 444 + + / 1,028

(a) 0Oligosaccharides

trs. trace

Polysacocharide fractions A and B were combined and a sample of

these (140 mg.) was ohromatographed on diethylamincethyl cellulose

(30 g3 phosphate form).
0405 My 0.10 M, 0425 } and 0,50 i = sodium dihydrogen phosphate buffers
at pH 6 and finally with 0,50 § - potassium chloride solution.
(25 mls) were ocllected and analysed by the phenol-sulphuric acid method
for total sugars to give a plot of polymaccharide content against eluate

(ddagram 14)e

given in table IIX.

The column was eluted successively with

Fraotions

Details of the five polysaccharide fractions eluted are
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TABLE I
Eluant Wte Sugars on hydrolysis
(IC. ) GalAs |QeAs [ Oals| 0. | Mane | Ara. X’I o | Rhae
00@1-9045 1.7 / / - tre / +++ / /
91 4o - + |tre | 4 +44 |+ tr.
O ION=PO, | 985 | 444+ |/ | 4 [txa| / |4 |/ |tm
0.25=-PO4= 41T | 444+ | / + [tre | / + / | tre
c>.5¢:|.|(.--1>04= W v S [ S P e N Sl g /| tre
i 0. '] tati

The powdered peel (50 g.) was stirred in water (1.5 1.) at room
The insoluble material was removed

temperature for 24 hrs. at pH 4.8.

at the centrifuge and extracted for a further 24 hrs. with water (1.5 1.).

The insoluble material was again removed at the centrifuge and the

supernatant sclutions from both extractions were combined.

Acetone was

then added to the solution with vigorous stirring until appreciable

precipitation took place (1.5 vol.).
the centrifuge, redissclved in water, and freesze dried,

The nrecipitate was removed at

solution was concentrated, the pH being held between 4 and 5, and also

The supernatant

freeze dried. TDetails of both fractions are givem in table III,
TABLE IIT
Fraction Wte @n e Sugars on hydrolysis
(g+) GalAs | Cale | O. [Mane | Ara. | Xyl. | Pha,
Preoipitate | 9,006 |+189° | 0,206 | 444+ | 4+ |tre [tre | ++ |tre | tre
Supernatant | 1,061 |+144° | 0,314 | ++ + + |tre |o0e | ¢ | tre




(A

¢ of A Prec te ethyl lcellulose

A sample of the acetone precipitate (56 mg.) was chromatographed on
diethylaminoethylcellulose (30 g.3 phosphate form) as above. A plot
of polysaccharide content against eluate is given in diagram 2., and

details of the fractions are given in table IV,

TABLE IV
Eluant Wte Sugars on hydrolysis
(lso) GalA. Cal. Ge Mane Ara. Xyl. Rha.
o.osgrro4'5 2.9 / + tre | tre | +44 + tr.
04 10%-P0, =] 29.8 | 4eee + tre / + / tr,
Cs25)4-P0, =1 11.3 PR + tre / + / tr.
0s50H=PO, ~ | 1s3 | 444+ | + | tre | / + / | tre

The powdered peel (1000 g.) was stirred in water (30 1.) at pH 4.8
for 24 hrs. at room temperature. The inscluble material was removed at
the centrifuge and extracted for a further 24 hra, at room temperature with
water (30 1.) at pH 4.8, The insoluble material was again removed at the
centrifuge and the supernatant sclutions from both extractions were
combined and poured into acetone (1.5 vol,) to give 2 gelatinous
precipitate which was washed with 70% agueous acetone. The precipitate
was then dissolved in water and freeze dried to give polysaccharide
fraotion 1.

Polysaccharide fraction 1 was dissolved in water (20 1.) and
reprecipitated with acetone (1.5 wvole.)s The precipitate was then
redissolved in water and freese dried to give polnmhmu fractionta.
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Reprecipitation with acetone was repeated a further twe times to give
polysaccharide fractions 1b and 1o,

The supernatant solutions from the acetone precipitations were
conbined and concentrated, the pH being held between 4 and 5. During
concentration a fine precipitate appeared which was removed at the
centrifuge and dried after washing with ether to give fraction 2. The
supernatant solution was then poured into acetone (9 vol.) and the
precipitate was removed at the centrifuge, redissolved in water and
freeze dried to give polysaccharide fraction 3« The supernatant
solution was again concentrated, poured into acetone (25 vol.) and the
precipitate freese dried as before to give polysaccharide fraction 4.
The supernatant solution was then concentrated to a syrup whioch was
dried over phosphorus pentoxide in vacuo to give fraotion 5.

Details of each fraction are given in table V.

TABLE V
Freotion| Wts| [OX],| < Sugars on hydrolysis

{g.) GalA.| 70l.| G« | Man. | Arae| Xyls| Rhae
1 80 +193°% | 04321 | 444+ * tr. / ++ + tr.
12 |75 4200° | 0,301 | 444+ | + |tre | / ++ | tre | tr.
7T +216° | 0,236 | 444+ | 4+ | tre | / 4+ | tre | tr.
e |68 4218°% | 04310 | 444+ | 4+ | txe | / +4++ | tre | tr.
2 1.6 nede / tre | tre | ++ / tr. | tr. +
3 #174°% | 0,357 | 444+ | 4+ | txe | / | +++ | tre | tre
4 3.2 +122° | 0,334 + 44 - + 4 + tre
5 1e1| nede / / / + / tre / +

nede = not determined




A sample of polysaccharide fraction 1e (65 mg.) was chromatographed on

afethylaninosthyloellulose (30 g.j phosphate form) as above. A plot of
polysaccharide content against eluate is given in diagram 3., and details
of the fractions eluted are given in table VI.

TABLE VI
Eluant Wte Sugars on hydrolysis
(mge ) GalA. Cale Ge Mane | Ara. Xyle thae

— -
040254070, | 304 / + + / +4+ / /
0.052-20 4 = 1.7 vt - + - + tr. tre

=
0.1%-?0‘ i 3042 P ++ tr. / 4+ tr. +
0025#'?04 1641 4 4 tr. / 4+ tr. +
O 5%-?043 1.8 P + | tre / + / +

Fractionation with Copper Acetate

A sample of polysaccharide fraction 1c. (20 g.) /Found: urcnie
anhydride (by decarboxylation), 757 OMe, = 10.7% 7 was dissolved in
water (4 1.) and 7% copper acetate solution (200 ml.) was .Mod‘drowiu
with vigorous stirring. The copper salt was removed at the centrifuge
and decomposed by washing with acetone centaining 1% hydrogen chloride.
The precipitate was washed free of hydrogen chloride with ethanol, _
dissolved in water and the solution was freese dried to give polysaccharide
fraotion 1e¢1 ﬁ"mmla uronic anhydride (by decarboxylation), 76js
OMe, = 10.2% /. The supernatant solution was dialysed against running
tap water until the blue colour disappeared, concentrated,and poured
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into acetone (25 vol.) to give polysaccharide fraction 1cia.
Details of both fractions are given in table VII,

TABLE VII
7P£m10n Wte E.;]D e Sugars on hydrolysis
(80 ) Call. | Gal. Ge Hane | Ara. Xylo fhae
1e1 1842 | 4221° | 0,285 | 444+ | 4+ | txa | / |44+ [txs | +
icla i.z +142° 0.336 | ++ ++ + tre | +4+ + tr.

A sample of polysaccharide fraction 101 (60 mg.) was chromatographed
on diethylaminoethylcellulose (30 g.j phosphate form) as above. A plot of
polysaccharide content againat eluate is given in diagram 4. and details
of the fractions seluted are given in table VIII,

TABLE VIII
Eluant it. Sugars on hydrolysis
(-8‘ ) GalA. Gal. Ge Hane Ara. Xyl. Rhae
o.oeﬁg-yof 2.8 / + + / + + /
0 103=P0,, = 2848 | 44es + tr, / -+ tre | tre
00255"?04 o 18.0 +4++4 + tr. / ++ tre. tre
0.50=-P04 =1 Beb | ++e+ + tr. & ++ tre tre.

A saaple of polysaccharide fraction 1c (500 mg.) was dissclved in

the minimum volume of water (20 ml.) and chromatographed on diethylaminoethyl
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Sephadex A=~50 (5g3 formate form)s The column was eluted successively
with water, 01X, 0e2l, Oe4ll, Cofl, X and 2J formic acid and fractions
(20 ml.) were collected and analysed by the phencle-sulphuric acid method
for total sugarss A plot of polysaccharide content against eluate is
given in diagram 5« Fach fraction was stirred with Amberlite 4(2) resin
to bring the pH to 4.5 During this trsatment the fractions eluted
with 0.6.1_, and 2§ formic acid were absorbed on the resin and could only
be recovered by washing the resin with 005;- sodium hydroxide. These
fractions were disregarded., The other fractions were concentrated,
precipitated with ethanol (2 vol.) and freese dried.

Details of each fraction are given in table IX,

TABLE IX

Eluant Hte Sugars on hydreolysis
(Igo ) CalA,. Gal « Ge Hane. Ara. Xyle Rhae

E,0 6.0 / + ++ | tr. ++ | tre /
Os1§~acid 3.8 / + / / + /
Os2)i=acid 1141 + + + / ++ / &

™~

Osqli=acid | 7945 | ++4+ + | tr. / ++ | tre | tr.
O.6F=acid | 17241 ned,

Feacid | 6541 | 444+ + | tr. / ++ / tr.
ag-.oid 22.8 neds

A further sample of polysaccharide fraction 1c (500 mg.) was
chromatographed on diethylaminoethyl Sephadex A=50 (5 g.j formate form).
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The column was eluted successively with water, o.zg and g - formie acid,
the eluates being collected im bulk. The formic acid solutions were
dialysed for 36 hrs., potassium acetate was added to the solutions to
bring the pH to 4.5 and the sclutions were concentrated to small

volumes keeping the pH at 4.5 by addition of acetic acide The poly-
ssesharide Tractions were then precipitated from ethanol (2 vel.)
containing 47 acetic acid and the precipitates were removed at the
centrifuge. Hach precipitate was washed free of acetic acid with
ethanol, redissolved in water and freeze dried.

Details of the fractions are given in table X.

TABLE X
Eluant Wt. | Olle Sugars on hydrolysis
(mge ) GalAe| Gale | G | Mane | Aras | Xyle | Rhae
water 1645 | nede / + + / + | tre /
Os2F~acid 304 | nede | + o |/ / | #4+ | tre | tre
J-acid 265 | 945% | v44a + | tre / ++ | tre | tre

When the ; - formic acid fraction was rechromatographed in this

way, all the polysaccharide was eluted with ; - formic acid.

A sample of polysaccharide fraction 1e (12 g+) was chromatographed

on diethylaminoethyl Sephadex A=50 (100 g« formate toﬁ). A 2%
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solution of the polysaccharide was applied to the coluan (I) which was
eluted successively with water (12 1.), 0.2§ = formic acid (12 1.) and
E - forsio acid (20 1.), the eluate bein~ tested periocdically for poly=-
saccharide content by the phenol-sulphuric acid method. The formiec
acid solutions were dialysed for 36 hrs., the pH of the solutions was
then adjusted to 4.5 by the addition of potassium acetate and the
solutions were concentrated, the pH being held at 4.5 by the addition of
acetic acides The polysaccharide fractions were then precipitated from
ethanol containing 4% acetio acid and the precipitates were removed at
the centrifuge. IEach precipitate was washed free of acetic acid with
ethanol , redissolved in water and freesze dried.

The column was regenerated by elution with 3§ - formie secid (5 1.)
followed by elution with water until the pH of the eluate was above 4.

A further sample of polysaccharide fraction fe (12 ge) was then
fractionated as above (column II).

A new column < diethylaminoethyl Sephadex A~50 was prepared before
fractionation of the last sample of polysaccharide fraction 1e (10 g.)
(column III).

letails of each column are given in table XI.
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TABLE XI

Column| Eluant | Wt. l@ﬂn e Sugars on hydrolysis
(‘) GalAe|Gale| Ge | Aras| Ayles|Puce| Rhae

water |0.,180|+ 37°(0.248| tr.
I |0.2F~acid|0.360 + 76°(0.184| +

Beacid [6.842 [4216° 04562 [+44+ tre | / |tr.
water 0.196 |+ 38° 0s204 | txe tre |tre [tr.

II  (0+2B~acid|04381 |+ 78°(0.204| + / |tre
Eeacid 7,292 [+218° 0,504 +44+ tre |/ |tre

water |0.146 |+ 38°(0.218| tr.
IIT  |0s2-acid 04301 [+ 80°(0.196| +
Negold |54869 [4217° 0,602 |+44+

tre [tre. |tr.
tre

B 55 M e 40 & 0 S
SR BN D

TENEE T

The polysaccharide fractions eluted with -l. - formic acid were
combined to form polysaccharide fraction 102, /Found: uronic anhydride
(by decarboxylation), 76%; OMe, = 10.2% 7.

The polysaccharide fractions eluted with 0.25 - formic acid were
also combined to form polysaccharide fraction 102a. [F-oundl uronic
anhydride (by decarboxylation), 275% / as were the fractions eluted with
water to give polysaccharide fraction 102b. /Found: uronic anhydride

(by decarboxylatien), 10% 7

A sample of polysaccharide fraction 102 (50 mg.) was chromatogrsphed

on diethylaminocethylcellulose (30 g., phosphate form) as above. A plot
of polysaccharide content against eluate is given in diagram 6. and
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details of the fractions eluted are given in table XII.

TABLE XII
Eluant Wte Sugars on hydrolysis

(nge) | GalAs | Gals | Gs |Man, | Aras | Xyls | Rhae
OuIOH=PO, = | 2966 | 444+ | &+ | tme | / |44+ |tme | tre
o.esg-r%g 1540 | 444+ ++ | ie / ++ | tre | tre
0uSOaPO, = | 14T | 4444 | 4+ | tos /e [tre | tre
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L 3 OF C BC

Citrus pectin (polysaccharide fraction 101) (17g.) was heated at
100° in § - sulphuric acid (750 ml.) for 4 hrs. After 1} hrs, heating,
degraded polysaccharide separated out and remained insoluble throughout
the reaction. The degraded polysaccharide was removed at the centrifuge
and after the addition of acetone (1 vol.) to the supernatant solution
a further precipitate of degraied pol uaccharide was removed. The
supernatant liquid was concentrated to remove acetone and the soclution
was neutralised, partly with a saturated sclution of barium hydroxide
and finslly with barium carbonate. The precipitated barium sulphate
was removed at the centrifuge and the solution was concentrated, passed
through a column of Amberlite IR 120 (H) resin and finally concentrated
to a syrupe The residual barium sulphate was washed twice with a very
dilute solution of sulphuric acid (pH 4), the combined washings were
neutralised by shaking with Amberlite LA - 1 resin (5% v/v in chloroform)
and then passed through a column of Amberlite IR 120(H) resin before
concentration to a syrup.

The two precipitates of degraded polysaccharide were combined and
neated in ¥ = sulphuric acid (500 ml.) at 100° for a further 4 hrs.
The inscluble material was again removed at the centrifuge washed free
of acid with water, washed with ethanol followed by ether and dried to
give a degraded polysaccharide (5.94 g«) which on further hydrolysis in
E - sulphuric acid at 100° for 8 hrs. gave predonminantly galacturonic
acid with traces of glucose, mannose and xyloses The supernatant
solution was treated as above to give two further syrups.
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The syrups were redissolved in water, combined, concentrated and
dried over phosphorus pentoxide in vacuo for 24 hrs.

The combined syrups (8.25 g.) were absorbed on charcoal (500 g.)
and the squat column eluted with water (12 1.) at a rate of 60 ml./hr,
Fractions (1 1.) were collected and suitably combined to give fractions
A to Fo The column was then eluted with wﬁt‘r containing 35% ethanol

to give fraction G Details of these fractions are given in table XIII.

TABLE XIII
Fraction | Wt(g.) Sugars, R, ., (Solvent B) *
A 3.231 | 1,00(brown), 0.22(brown), 0.06(brown)
B 0.859 | 1.00(brown), 0.74(red), 0.22(brown), 0.06(brown)
c 0.702 1.00(brown),‘ 0.84(orange ), 0.21(brown), 0.06(brown)
D 04635 | 1.00(brown), 0.84(orange), 0.21(brown), 0.06(brown)
E 04283 | 1,00(brown), 0.42(red), < 0.1(brown)
F 0.605 | 0.42(red), <0s1(brown)
G 14330 | 1.00(brown), 0.74(red), 0.42(red), {01 (brown)

* Colour when chromatogram developed with aniline oxalate.

The fractions were thus combined as followsi=

A to give I 3231 g
C &D to give II 1337 &
By, E, F & G to give III 3.077 g«

Fractions I, II and III were, in turn, chromatographed on
diethylaminoethyl Sephadex A = 25 (30 g3 formate form) and neutral

sugars were recovered by eluting the columns with water. The water
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eluates were combined, concentrated and dried over phosphorus pentoxide
in vacuo to give a syrup (1.47 g.) whioch contained galactose, arabinose,
xylose, fucose and rhamnase together with traces of 2 « 0 « methyl fucose
and 2 = 0 - methyl xylose. Fragments containing one or two acid residues
were desorbed by gradient elution with water containing 0 9 Oe4E « formio
acides TFurther fragments containing two acid residues were desorbed by
elution with 0.4‘ - formic acid and fragments containing three or more
acid residues were desorbed by N, and 3K - formic acids The
oligosaccharides were further separated, where necessary, by filter

sheet chromatographys The formic acid elution patterns of columns

I, IT and III are given in tables XIV, XV and XVI respectively.

TABLE XIV
Eluant Hm s Colour * Wte
(Solvent B) (ge)
Water
1.00 brown 0.601
0,20 brown (05) 0.307
O-*fﬂﬂic acid
Os4fi~formic acid 0.20 brown (05) 0.253
;—fon:le acid 4] 1.021
: 0.06 brown (06)
3=-foruo acid 0 04485
0,06 ' brown (06)

* Colour when chromatogram developed with aniline oxalate.
Cn refers to oligosaccharide n.
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TABLE XV
Eluant nm P Colour * Wte
(Sclvent B) (ge)

¥ater
0.36 pink
0406
0484 orange (0,) -
1.00 brown 0,106
o.g-tmao acid
Oedliforaie aoid 0.21 wrown (05) 0,061
B-formic aocid 0 brown 04274
0e06 brown (06)
*tmto acid 0 brown 04423
0006 m (06) 5
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TABLE XVI
Eluant RG;IA. Colour * Wte
(Solvent B) (g )
water
0.33 yellow 0,067
0.74 red
0.09 red
0.22 yellow (02)
0e34 yellow 0,205
Q.42 red é
073 yellow
1.00 brown
0422 yellow (02)
0u37 e 0.189
0+60 yellow (03)
1.00 brown
0.12 orngo (04)
4 0e23 brown (05) 0.195
1.00 brown
o.q-.-tmio acid
Os4E~formic acid 0.23 brown (05) 0.042
8 ~formic acid 0 brown
1357
0.06 brown (06)
Jl-fmio acid 0 brown 04533
.06 brown (06)
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Hydrolysis of the material from each column which was immobile in
Solvent B gave galacturonic acid only.

Oligossocharide 1. (47 mge) Ry.,, = 0s83 (Solvent B), M, = 0.56, [0<7,
+ 96° (c 0447) stained orange with aniline oxalate, gave galacturonic
roid and rhasnose on hydrolysis and %us chromatograrhically and
ionophoretically indistinguishable from 2 = 0 = (oX= D = galacto-
pyranosyluronic acid) = L - rhasnose.

A sample of the sugar (2 mg.) was methylated by the Kuhn procedure
and methanolyesis and subsequent gas-liquid partition chromatography gave
peaks with the retention times of the methyl glycosides of the following

sugars.

Sugar 7T (Column a)
3,441-9_--0th:1—.1._-rhmnon 0.97
2y 3y 4 tri = 0 = methyl - D ~ galacturcnic acid 649

A further sample of the sugar (24 ng.) was methylated by the Haworth
procedure. Methyl sulphate (1 ml.) and 30% sodium hydroxide (2 ml.)
were added simultanecusly to the sugar in water (2 ml.) with constant
stirring over a period of 2 hrs. |[Nitrogen was passed through the
solution. Five further additions of methyl sulphate (2 ml.) and 30%
sodium hydroxide (4 ml.) were made on consecutive days. The resulting
sclution was heated at 100° for 1 hr., allowed to cocl and made acid to
pH 4 before being poured into methylated spirits (8 vol.)s The
precipitated sodium sulphate was removed at the centrifuge, the pH
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adjusted to 8 and the sclution concentrated to 2 small volume, The pH

was again adjusted to 4, the solution was extracted with chloroform

(4 x 25 ml.) and the combined chloroform solutions concentrated to give

the methylated disaccharide which was orystallised and reorystallised

from a chloroform=light petroleum (2.F. 100 = 120°) mixture. The

erystals LTXJD + 91° (g 0.63 in chloroforn) had a m.p. and mixed m.p.

69° (kKofler hotestage microscope), meps and mixed mep. 119° (capillary
tube) and gave an xeray powder photograph and an infra-red spectra idemtical
to that of methyl 2 = 0 = (2, 3, 4 tri = 0 = methyl-oX-D - galaoto-

pyranosyluronic acid) - 3, 4 di « O = methyl = L - rhamnoside dihydrate.

Oligosaccharide 2. (8 mg.) Roa1y = 0+26 (Solvent B) My = 1.04, [cx]D

+ 6° (¢ 0e4) stained yellow with aniline oxalate, gave galactose,
glucuronic acid, and glucurone on hydrolysis and was chromatographically
and ionophoretically indistinguishable from 6 = 0 « ( /5 « D gluco=-
pyranosylurcnic acid) = D - galactose.

The disaccharide was methylated by the Kuhn procedure and
methanolysis and subsequent gas~liquid partition chromatography gave
peaks with the retention times of the methyl glyccsides of the following

sugars.
Sugar T (Column a)
2y 3 4 tri = 0 = mothyl - D = gluocuronic acid 2.41, 3412

2y 3y 4 tri « 0 = methyl - 2- galactose Te11

2' 3. 5 tri - 2- -.th’]. - 2- 8‘1“‘0.‘ ‘0}4




87

Oligosacoharide 3. (15 mgs) Ry ,, = 0460 (Solvent B), M, = 0.63, Lo,
- 70° (e 0.8) stained yellow with aniline oxalate, gave fucose, glucuronic

acid, and glucurone on hydrolysis and was chromatographically and
ionophoretically indistinguishable from 4 = O = (3 = D = glucopyrancsyle
uronic acid) = L - fucose.

The sugar was methylated by the Kuhn procedure and methanolysis and
subsequent gas-liquid partition chromatography gave peaks with the
retention times of the methyl glycosides of the following sugars.

Sugar T (Column a)

2, 1di - 2- l.th’l —g- fucose 1006’ 1051’ 2.07
2y 39 4 tri = 0 - methyl - 'D.- glucuronic acid 2.44, 3.18

Oligosasoharide 4. (8 mge) Ry, = 0.12 (Solvent B)y = 0.56 (Solvent C),

H, = 0,67, [(X + 92° O+4) contained galacturonic acid and rhamnose
D

(¢
residues in the molar ratio of 1.2311, while the derived glycitol contained

these sugar residues in the ratio of 2,231, ¥ild acid hydrolysis of the
glycitol, obtained by borohydride reduction, gave 2 = 0 - (X~ D =
galactopyranosyluronic acid) = L = rhasnose and 2 - 0 - (A= g-
galactopyrancsyluronic acid) = L = rhasmnitols The derived glycitol was
also methylated by the Kuhn procedure and methanolysis and subsequent gas—
liquid partition chromatography indicated that 1, 3, 4, 5 tetra = 0 -
methyl = L - rhaanitol /T = 1.10 (column ¢)/ and the methyl glycosides of

the following sugars were present.
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Sugar T (Column ¢)
3y 4 44 = 0 = methyl = L -~ rhamnose 0.86
2, 3 & = 0 - methyl - ] - galacturonic acid 4049
2y 35 4 trl = 0 = nothyl - g- galacturonic acid 6450, 6.83

Cligosacoharide 5. (508 mge) Ry.,, = 0421 (Solvent B), = 0,50 (Solvent C)

M, = 0,95 stained brown with aniline oxalate, gave on hydrolysis

G
galacturonic acid only and was ohromatographically and iomophoretically
indistinguishable from 4 = 0 = (0= D = galsotopyrancsyluronic ascid) =
-D' - galacturonic acid.

The acid (30 mge) in water (10 ml.) was neutralised with caloium
carbonate, excess solid being removed by filtration. Acetone (2 vol,)
was then added and the precipitated salt was filtered off, washed with
acetone and ether,and dried to give a white solid /0¢/, + 115° (g 0.68
in 0.5§ = hydrochloric acid).

The acid (30 mg.) was treated overnight with methanclic 1% hydrogen
chloride (5 ml.)s The solution was neutralised with silver carbonate
and the silver residue was removed by centrifugation before the solution
was ooncentrated to a syrup (31 mge)s The syrup, dried over phosphorus
pentoxide in vacuo for 24 hrs., was dissolved in anhydrous pyridine
(3 m1.)y hexamethyldisilaszane (0.6 ml.) and chlorotrimethylsilane
(0e3 mls) were added and the mixture was shaken vigorously for 30 sec.
After standing at room temperature for 1 hr., the solution was
evaporated to dryness and the residue extracted with ether (2 x 10 ml,)
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The combined ether extractions were then evaporated to drymess to give a
syrup (52 mge.) which was redissolved in ether (5 ml.) and refluxed with
lithium aluminium hydride (100 mg.) for 2 hrs. with vigorous stirring.
The solution was cooled and ethyl acetate was added dropwise until
evolution of hydrogen ceased indicating that all the remaining lithium
aluninium hydride had been deatroyed., The precipitate was removed at
the centrifuge and dissolved im 0.5K - sulphuric acid (3 ml.)s The
solution was noutralised with bariuam carbonate, deionised with Amberlite
IR 120(H) resin and concentrated to a syrup (21 mg.) whieh wag
methylated by the Kuhn procedure., Methanolysis of the methylated
disaccharide and subsequent gas-liquid partition chromatography gave
peaks with the retention times of the methyl glycosides of the following

Sugars.
Sugar T (Column ¢)
2, 3y 4, 6 totra = 0 = methyl - & = galactose 1447, 1.80
2, 3y 6 tri = Q = methyl - D ~ galactose 2.88, 3.74, 4414
Oligosaocharide 6, (923 mge) Ry ,,= 0424 (Solvent C) i, = 0.95 stained

brown with aniline coxalate, gave on hydrolysis galacturonic acid only
and was chromatographically and icnophoretically indistinguishable from
L =X= D « galactopyranosyluronic scid = (1 9 4) =0 =X = D « galacto-
pyrancsyluronic acid = (1 9 4) = 0 = X= D = galacturonic acid.

The acid (30 mg.) in water (10 nml.) was neutralised with calcium
carbonate, excess solid being removed by filtration. Acetons (2 vol.)
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was then added and the precipitated salt was filtered off, washed with
acetone and ether, and dried to give a white solid [O<7, + 135° (g 0.72
in 0s5K - hydrochloric acid).

The acid (110 mg.) was treated overnight with methanolie 1% hydrogen
ehloride (20 ml.)s The solution was neutralised with silver carbonate
and silver residues were removed at the centrifuge before concentration
to a syrup (111 mgs)e The syrup, dried over phosphorus pentoxide
in vacuo for 24 hrs., was dissolved in anhydrous pyridine (12 ml.) and
hexamethyldisilazane (2.4 ml.) and chlorotrimethylsilane (1.2 ml.) were
added. The mixture was shaken vigorously for 30 secs, and allowed to
stand at room temperature for 1 hr. bYefore evaporation to dryness. The
residue was extracted with ether (£x25 ml.) and the combined extracts were
concentrated to a syrup (180 mg.) which was redissolved in ether (20 ml,.)
and refluxed with lithium aluminium hydride (350 mg.) with vigorous
atirring for 2 hrss The solution was cocled and the excess lithium
aluninium hydride deatroyed with ethyl acetate as above. The precipitate
was removed at the centrifuge and dissolved in 0.5!. - sulphuric acid
(12 ml.)s The solution was neutralised with barium carbonate, deionised
with Amberlite IR 120(H) resin and concentrated to a syrup (87 mg.).

The syrup was dissolved in water (2 ml.),and methyl sulphate (4 ml.)
and 30% sodium hydroxide (8 ml.) were added dropwise with vigorous
stirring over a period of 2 hra. to the solution under an atmosphere of
nitrogen. The additions were repeated each day for a further four days
and on the sixth day the solution was heated on a beiling water bath for
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1 bhr,, cooled, centrifuged, and the pH of the supernatant solution adjusted
to 4 before extraction with chloroform (4 x 60 ml.)s The combined
chloroform extracts were dried over anhydrous sodium sulphate and
concentrated to a syrup (73 mg.) which was dissolved in methyl iodide

(10 ml.) and refluxed with silver oxide (100 mg.) for 16 hrs. The

mixture was filtered and the residue was extracted in a Soxhlet extractor
with chloroform for 8 hrs. The filtrate and extractions were

combined and concentrated to a syrup (66 mge)e A sample of this (6 mg.)
was methanolysed and subsequent gas-liquid partition chromatography gave
peaks with the retention times of the methyl glycosides of the following

sugars.
Sugar Relative T (Column o)
Proportions
2, 3, 4, 6 tetra~O-methyl-D -galactose + 150, 1.85
2y 3y 6tri =0 = methyl=D -galactose Es 294, 3482, 4425
2, 6 di-0-methyl=-D-galactose tr. 8440, 9.64, 11.3

The methylated trisaccharide (60 mg.) was hydrolysed in X~
hydrochloric acid (3 ml.) at 100° for 8 hrs. The solution was
neutralised with silver carbonate, centrifuged and deionised with
Amberlite IR 120(H) resin before concentrating to a syrup (57 mg.).

The syrup was absorbed on a charcoal-Celite column (20 g, 1:1) which was
eluted with water containing inoreasing quantities of ethanol to give
three fractions.
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Fraction 1. (4 mge) Ry = 0456 (Solvent B), = 0,19 (Solvent F), gave

on methanolysis and subsequent gas-ligquid partition chromatography peaks
with the retention times of the methyl glycosides of 2, 6 di = O = methyl =
D~ gelactose only.

Eraction 2. (29 mge) Bj = 0476 (Sclvent 2), = 0.51 (Selvent P), [O<7 .,
+ 82° (o 0458 in ehloroform) gave on methanclysis and subsequent gas—
liquid partition chromatography peaks with the retention times of ths
methyl glycosides of 2, 3, 6 tri = O = methyl = D - galactose, The
sugar was characterised by conversion into 2, 3, 6 tri = 0 « methyl =
g- galactonolactone, which on reorystallisation from ethanol had

BePe and mixed m.ps 97 = 98°,

Eraction 3. (17 mge) Ry = 0u89 (Solvent B), = 0,86 (Selvent F) [0, +
97° (g 0434 in chloroform) gave on methanolysis and subsequent gas-liquid
partition chromatography peaks with the retention times of the methyl
glycosides of 2, 3, 4, 6 tetra = 0 = methyl - D = galactose. The sugar
was characterised as the orystalline aniline derivative which had m.p.
and uixsd meps 196 = 197°,
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ACETOLYSIS OF C PECT

Citrue pectin (polysaccharide fraotion 102) (12 ge) was acetylated
as described in "General ¥ethods" Zving an acetylated polysaccharide
(1243 ge)s This material was dispersed thoroughly in acetic aocid
(320 nle.) and acetic anhydride (320 ml.) was added dropwise with oonstant
stirrings Concenirated sulphuric acid (32 ml.) was then added over a
period of two hours with vigorous stirring which was continued throughout
the reaction. After about 30 hrs., a scum appeared which inereased in
quantity. After 75 hrs., the solution was centrifuged and hydrolysis of
the residue gave galacturonic acid only. The supernatant solution was
poured into ice-water (1 1.) and the precipitated acetylated products
were removed at the centrifuge. The precipitate was extracted with
ohloroform and the aguecus supermatant solution was brought to pH 3 with
sodium bioarbonate before extrsoting it, also with chloroform (4 x 150 mls)e
The combined chloroform extracts were dried over anhydrous sodium sulphate
and concentrated to & syrup (6.5 g«)s The syrup was dissolved in
chloroform (15 ml.) and methanol (30 ml.) and deacetylated with O.5) -
barium methoxide (30 mls)s After leaving at 0° for 24 hrs., the
solution was poured into water, meutralised with dilute sulphuric acid,
and filtered, barium ions were removed with Amberlite IR 120(H) resin,
and the solution was filtered and concentrated to a syrup (2.0 g.).

The syrup was absorbed on a column of diethylaminoethyl Sephadex
A =25 (25 gey formate form) and elution with water, followed by
concentration furnished a syrup of neutral sugars (181 mge.)s This
syrup was applied to a charocal-Celite column (20 g. 131) and
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monosaccharides (124 mgs), including galactose, arabinose, xylose and
rhannose were recovered by elution with water. No ocligosaccharides were
deteoted when the coluan was eluted with water containing increasing
quantities of ethancl, Elution of the diethylaminoethyl Sephadex A=25
coluan with 0.05H - formic acid ylelded fragments contalning one acid
residue and gradient elution with CaO5N - formic acid contsining
increasing amounts of 0.4; - formio acid yielded fragments containing
two acid residuss. Further fragme:nts containing two acid residues were
eluted with 0.45_ formic acid and fragments containing three or more
acid residues were eluted with E and 3; - formic acide The ocligo=
saccharides were further separated, where necessary, by filter sheet
chromatographyes The formic acid elution pattern of the cclumn is
given in table XVII.

TABLE XVII
Eluant Rgala. Colour * Wte
(30lvent B) (ge)
Ce05E~formic moid 0e49 orange 02; 0.019
077 orange O, 0.042
1.00 brown 0711
005 =formic acid
= 0s12 orange (03} -
0e22 brown 0.082
Osdlimformic acid
Oe4l=formic acid 021 brown 04102
ormic acid (4] brown
&f 0.06 brown Ce230
%—fmie acid 0 brown _
0.086 brown Ce344

* Colour when chromatogram developed with aniline oxalate.
on refers to oligosaccharide n.
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Hydrolyais of the fractions eluted with 0.4;_, 5, & 3; - formic acid gave
galacturonic acid only.

0ligosaccharide 1. (20 mgej eluted with 0,05K « formic aeid) Ry ., = 0s77
(Selvent B), K, = 0455, [O<_7D = + 90° (g 0.4) gave galacturonic acid and
rhamnose on hydrolysis and was chromatographically and ionophoretically
indistinguishable from 2 = 0 = (X = D « galactopyranosyluronic acid) -

é « rhamnose. JMNethylation of the sugar by the Kuhn method and subsequent
gas=liquid partition chromatography of the methanolysed products gave
peaks with the retention times of the methyl glycosides of 3, 4 41 -« 0 -
nethyl = }6 « rhamnose and 2, 3, 4 tri = 0 = methyl - 2 - galacturonic
acid., Methylation of the sugar by the "aworth procedure and crystallisa=
tion and reorystallisation from chloroform = light petroleunm (BePs 100 =
120°) ylelded a methylated disaccharide,with m.p and mixed m.p 68 = 69°
(Kofler hote-stage microscope), [ZXJD + 92° (¢ 043 in cmls),whioh gave

an x-ray powder photograph and infra~red specira identical to that from
methyl 2 = 0 = (2, 3, 4 tri = O = methyl =X~ D = galactopyrancsylurcnic

acid) = 3, 4 @i = O = methyl = L « rhamnoside dihydrate.

Oligosacoharide 2. (11 mge; eluted with 0.05Y - formic aeid) R, ., = 0e49
(Solvent B) [C><_7D + 84° (¢ = 042) gave galacturonic acid and rhamnose on

hydrolysis. Partial scid hydrolysis gave rhamnose and 2 = 0 = (X =
2= galactopyranosyluronic acid) = g « rhamnose while similar hydrolysis

of the glycitol gave rhamnitel and the same aldobiouronic acid.
Methylation of the derived glycitol by the Kuhn method and subsequent

gas~liquid partition chromatography of the methanclysed products gave
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pecks with the retention times of 1, 3, 4, 5 tetra = 0 - methyl - k-
rhesnitol /T, 1.12 (Coluan ¢)/ and the methyl glycosides of the
following sugars.

Sugar T (Column ¢)

3y 4 4 = 0 = mothyl = L ~ rhaancee 0486

2' 3. 4 tri - 2- -.‘b’l - 2- s‘l"mmo acid 6046' 6.80

Q1igosaccharide 3. (8 mgej eluted with 0405 = Os4X ~ formio acid)

Rpayy = 0012 (Solvent B) = 059 (Solvent ¢) [Oc7y + 91° (g 0u3) gave
galacturenic scid and rhamnose on hydrolysis. The derived glycitel, on
partial hydrolysis, gave 2 = 0 = (K= D = galactopyrancsyluronic acid) -
L - rhasncse and 2 = 0 - (o<-£- galactopyranosyluronic acid) - L~
rhasnitol, and on segquential methylation, methanclysis and gas-liquid
partition chromatography gave peaks with retention times of 1, 3, 4, 5
tetra = O = methyl = L = rhamnitol /Ty 0,81 (Column b), 1412 (Column o)/
and the methyl glycosides of the following sugars.

Sugar Te
Column | Ceolumn c

3y 4 44 = 0 = methyl - he rhamnose 062 086
2y 3y 4 tri = 0 = methyl = D « galacturonic acid 3.785 417 6.78

2y 3 41 = 0 = methyl = D = galacturonic acid 1.90, 2.18 4.44




A trial enzymolysis was carried out using a commercial peotinase
preparation which had been dialysed for 3 days at 4° to remove the large
amount of glucose that was present, and freese dried., A sanple of
pectinic acid (100 mg.) (polysaccharide fraction 1¢) and a sample of
pectic acid (100 mge), which was obtained by saponifying the peotinic acid
by the method of Zitke and Bishop (14), were each dissolved in water (50 ml.)
and pectinase (10 mge) was added to each, Samples (2 ml.) were removed at
hourly intervals and the enszyme in these was destroyed by hesting at 100°
for 7 minas PYaper chromatography of the samples showed that the enzyme
degraded theo pectinic acid as well as the peoctic avid but at a reduced rate.
Fo further degradation of the pectinic =oid seemed to take place after
24 hrs. vhoreas this state was reached in only 3 hrs. with the peoctic acid.
Small amounts of oligosaccharides were detectadble on paper chromatography of
the hydrolysates.

Citrus pectin (20 g.) (Polysaccharide fraction fc) was dissolved in
water (10 1.) and a sclution of peoctinase (2 g.) in water (100 ml.) was
added with vigorous stirring at room teaperature. The pectinase had
previcusly been dialysed for 3 days and freeze dried, The stirring was
continued for 24 hrs, and the solution was then added to an equal velume
of acetone, The precipitate of degraded polysaccharide and deactivated
enzyne was removed at the centrifuge and gave on hydrolysis galacturenic
acid, galactose, glucose and arabincse together with lesser amounts of
xylose and rhamnoses The supernatant solution was then concentrated and
poured into acetone (4 vol.) and allowed to stand at 4° for 2 days. The
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precipitate,which appeared to contain an appreciable amount of erystalline
galacturonic acid was also removed at the centrifuge, redissolved in water
and ooncentrat~1 to a syrup (31) (9 g+) keeping the pH at 7. The supere
natant solution was also concentrated to a syrup (32) (11 g.) keeping the

PH at 7« Direct chromatography of syrups 3 1 and 32 yielded the monosaccharides

in table XXI,
TABLE XXI
Fraction Sugars
GalAe Gal. Ge Vane Arae Ayde Muce Rhae
8, PP + tre / ++ tr. / tre.
S, PO + tre / ++ tr. / tr.

In view of the detection of cligosaccharides in the trial ensymolysis,

fraotions 81 and s2

Sephadex A=25 (50 g.) (formate form). The columns were washed with water

were chromatographed separately on diethylaminoethyl

to remove neutral sugars (1.2 g« = S,) (3.9 g = 3,), which included

galactose and arabinose with small amounts of glucose, xylose and rhamnose

in both cases, and then with 0.05.1_ - formic acid to remove fragments
containing one acid unit followed by gradient elution with 0.05; - formic

acid containing inoreasing amounts of °‘4£ = formic acid to remove fragments
with two acid units. The formic acid elution patterns of the diethylaminocethyl
Sephadex A-25 chromatography of fractions S1 and 82 are given in tables XXII

and XXIII respectively.
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TABLE XXII
Eluant RG.JA Colour * Hte.
(Solvent B) (ge)
7+05E- formic acid 1.00 brown T.861
‘.052- formic acid
0.12 brown (03) 0e051
C .4&- formic acid
TABLE XXIII
Eluant Ra‘1 A Colour * Wee
(Solvent B) (g+)
Os058~ formic acid 0453 red (01) 04293
100 brown
1.00 brown 50865
2.02 orange (02) 0.042
‘).052- formic acid
0 0,031

0.42— formic acid

* Colourwhen chromatogram developed with aniline oxalate.
On refers to oligosaccharide n.
The fractions were further separated, where necessary, by filter sheet

chromatography.

Oligossccharide 1. (12 mg.) Roa1a = 053 (Solvent B), [D(JD + 28°

(e 0+424) gave on hydrolysis galacturonic acid and xylose only. The

derived glycitol gave on hydrolysis xylose only. Methylation of the
derived glycitol by the Kuhn method followed by methanclysis and subsequent
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gas-liquid partition chromatography gave peaks corresponding to
§ =25 3 55 6 tetra = O = methyl ~ D = galactonclactons [T = 4.38
(Column ¢)/ and the methyl glycosides of 2, 3, 4 tri = O = methyl = D =

xylose /T « 041, 0s52 (column )/,

Oligosacoharide 2. (19 mge) R, ., = 2402 (Solvent B), /[ 0¢7, + 87°

(¢ 0430) gave on hydrolysis rhamncse only but was shown to contain only
46% rhasnose, The derived glycitol gave rhamnitol only on hydrolysis.
Methylation of the oligosaccharide by the Kuhn procedure followed by gase
liquid partition chromatography gave a number of peaks, one of which was
identified as the methyl glycoside of 3, 4 di =« 0 = mothyl - ‘I‘ - rhannose
/T = 0,83 (Column ¢)/. The oligosaccharide was shown to have an
absorption maximum at 231 m B and when reacted with thiobarbiturie acid

yielded a red coloured solution with an absorption maximum at 547 = Jae

Oligosaccharide 3. (29 mge) R, ,, 0s12 (Solvent B), 0,50 (Solvent C)
[6-(-71) + 85°. (e 0440) contained galacturonic acid and rhamnose residues in

the molar ratic of 1.9:1, while the derived glycitol,obtained from
reduction with sodium borohydride,contained these sugar residues in the
ratio of 1s1s A sample of the oligosaccharide (2 mg.) was heated at 100°
for 16 hrae in 50% agueous methanol (1 ml.) containing 2.5% triethylamine.
The solution was then evaporated to drymess, the residue was redissolved in
water and the solution was deionised with Amberlite IR 120(H) resin before
paper ohromatography which gave 2 = 0 = (X = 2 -~ galactopyranosyluronic
acid) = L = rhamnose only, Methylation of the derived glyeitol of
oligosaccharide 3 by the Kuhn procedure followed by methanclysis and
gas-liquid partition chromatography gave an unknown peak and the methyl
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glycosides of the following sugars.

Sugars T
Column b Column ¢
3y 4 4 = 0 = methyl = L = rhamnose 0463 087
2y, 3y 4 tri = 0 = methyl = D =~ galacturonic acid 4424 6454
6.86
Unknown peak 3.70 995

The glycitol of the disaccharide, 4 = 0 = (X = D - galactopyranosyluronic
acid) = D = galacturonic acid, (5 mg.) was formed and methylated by the Kuhn
procedure. The disaccharide, 3 = 0 « (X« D =« galactopyranosyl = g -
galactose, (25 mg.) was oxidised with bromine (0.25 ml.) in water (2.5 ml,.)
in the presence of barium carbonate (25 mg.). The mixture was shaken
vigorously for 15 mins. and stored in the dark for 72 hrs. at room
temperature with occasional shaking. Excess bromine was removed from the
resulting mixture by aeration, barium ions were removed from the filtered
solution with Amberlite IR 120(H) resin, hydrobromic acid was neutralised
by shaking the solution with Amberlite lA=1 resin (5% v/v in lght petroleum),
and the agueous scolution was concentrated. The resulting syrup was
methylated by the Kuhn procedure which was repeated to yield a methylated
aldobionic acids The methylated galacturonobiitel and the methylated
aldobionic acid were methanolysed and subsequent gas-liquid partition
chromatography on columns b and ¢ showed that one of the peaks in the
chromatograms of each methylated product had a similar relative retention
time to the unknown peak in the chromatograms of the oligosaccharide (03).
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Jesrulecl Pésacokw‘de
(71 mg.) Roa1a ©°° (Sclvents B and C) gave galacturonic

acid (+), galactose (+++), glucose (tr.), arabinose (+), xylose (tr.), and
rhannose (+) as did the derived glycitols A sample of the material (5 mg.)
was heated at 100° for 16 hrs. in 507 agqueous methancl (2 ml.) containing
2.5% triethylamine. The solution was then concentrated, the residue was
redissolved in water and the resulting sclution was deionised with Amberlite
IR 120(H) resin before hyirolysis followed by paper chromatography which
gave the same hydrclysis products as above and in gimilar amounts. A
further sample (10 mg.) was methylated, first by the Haworth procedure, five
additions of methyl sulphate (1 ml.) and 30% aqueocus sodium hydroxide (2 ml.)
being made, and then by the Kuhn procedure. Methanoclysis and subsequent
gas-liquid partition chrometography gave a nuaber of peaks, some of which
were identified as the methyl glycosides of the following methylated sugars.

Sugars v
Column & | Column b | Column ©
2, 3y 4 tri = O = methyl = L = rhamnose Ced5 (0a47) Oe44
2, 3, 5 tri = O = methyl = L - arabinose 0s53 | (0.47) 0450
0472 (0.62) 0.66
3y 4 44 = Q = methyl = L =~ rhamnose 0.98 (0.62) 0.87
2, 3y 4y 6 tetra = 0 = methyl ~ D - galactose 1.68 (1.57) 1.87
2, 3, 6 tri = O = methyl = D =~ galactose 3.11 (1.57) 2.88
4.12 1.90 3.80
4.43 2,08 4436
2029
2y 3y 4 tri = 0 - methyl=D=galacturcnic acid 6473 4430 6464
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PREPARATION AND METHYLATION OF CARBOXYI~-REDUCED CITRUS PECTINIC ACID

Citrus peotinic acid (polysaccharide fraction 1c2) (1g.) was dissolved
in water (100 ml.) and passed through a column of Amberlite IR 120(m)
reein before treating with ethylene oxide (25 ml.) at room temperature
for 5 weeks when esterification was complete (pH 6.8), The esterified
polysaccharide was precipitated from ethanol (3 vol.), redissolved in
water and freeze dried. The 2-hydroxyethyl ester (1 g.) was then
acetylated as described in "Ceneral Methods" giving the acetate of the
esterified polysaccharide (1.1 g.) which was suspended in tetrahydrofuran
(25 ml.) and a mixture of tetrahydrofuran (25 ml.) and lithium borohydride
(141 gs) wns added. The mixture was raflured with ".'Lsor'cun stirring for

20 bhrs., cooled, and the residual lithium borohydride was destroyed by the
dropwise addition of water. A further volume of water (50 ml.) was added
and the remaining tetrahydrofuran was removed under reducedpressure. The pH
of the solution was then adjusted to 7 with dilute sulphuric acid and

the precipitate (1.) which appeared was removed at the centrifuge. The
supernatant solution was then dialysed for 3 days and a precipitate (2.)
was also removed at the centrifuge. The supernatant solution was
concentrated and poured into ethanol (6 vol.) to yield a precipitate (3)
which was redissolved in water and freese dried to give a white solid

(54 mge)s The three precipitates gave galactose only on hydrolysis.
Frecipitate 1. was then dissclved in 0.5!- sodiun hydroxide, the

solution was poured inte eihanol (3 vol.), the precipitate was washed
thoroughly with ethansl and etaer and dried to give precipitate 1a
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(322 mge) [O¢T + 175° (2 045 in 0,55 = NaOH) which was shown by the
phenolsulphuric acid method to contain at least 935 carbohydrate.
Frecipitate 2. was insoluble in 005!.- sodium hydroxide and after
repeated washing with water, ethanocl,and finally ether gave, after
drying, a pale brown solid (123 mg.).

A sample of precipitate 1a (220 mg.) was dissolved in 0sd = sodium
hydroxide (4 ml.) and methyl sulphate (4 ml.) and 30f sodiun hydroxide
(8 ml.) were added dropwise over a period of 4 hrs. with vigorous
atirring, Nitrogen was passed through the solution. Four similar
additions were made on consecutive days and on the sixth day the
soluticn was heated at 100° for 1 hr, After cooling, the pH was
ad justed to 4 with dilute sulphuric acid and a precipitate was removed
at the centrifuges The precipitate was dissolved in chloroform which
was dried over anhydrous sodium sulphate before the soclution was
concentrated to a syrup (136 mg.). The supernatant solution was then
extracted with chloroform (4 x 100 ml.) and the extracts were combined,
dried,snd concentrated to a syrup (108 mg.)s A sample of oach syrup was
methanolysed and gas=liquid partition chromatography of the methanolysed
products gave identical chromatograms.

The combined syrups were dissolved in methyl iodide (25 ml.) and
silver oxide (400 mg.) added in four portions at hourly intervals with
ocnstant stirring and refluxing whioch was continued cvernight. The
silver residues were removed by filtration and were extracted with hot
chloroform in a Soxhlet extractor for 8 hrs. The supernatant solution

and the extracts were combined, dried, and concentrated to a syrup
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(222 mge) whioh was redissolved in methyl iodide and the methylation
procedure repeated to give a ayrup (216 mge)s Gas-liquid partition
chromatography of a methanclyszed sample showed that substantial amounts
of methyl glycosides of 2, 6 di = 0 = methyl -2- galactose were present
which was attributed to undermethylation.

The partially methylated polysaccharide was then dissolved in methyl
iodide (25 m1.),and ¥, X ~ dimethylformamide (5 ml.) and silver cxide
(300 mg.) was added and the mixture shaken vigorously in the dark for
3 dayss The silver reasidues were then removed at the centrifuge and
extracted with hot chloroform im a Soxhlet extractor for 8 hrs. The
supernatant solution and extracts were combined and concentrated to
remove methyl iodide and chloroferm. Water (50 ml.) was then sdded,
the solution was dialysed against running tap water for 3 days and
concentrated to drymess. The residue was then extracted with
chloroform and the chloroform extractions were conocentrated to a
syrup (195 mge)s The syrup was redissolved in methyl iodide (25 ml.)
and N, ¥ - dimethylformamide (5 mle) and the above procedure repeated to
give a syrup (184 mg.) which was redissolved in a small volume of
chloroform and precipitated by the addition of light petroleum.(B.P.

60 - 80°) (20 vol.) The precipitate was them dried at 60° over
phosphorus pentoxide in vacuo to give a fully methylated polysaccharide
(148 mge) [Founds OMe, 42.8% 7 [OT, + 111° (g 043 in CHC1)e

A sample (20 mg.) of the methylated polysaccharide was methanolysed
with methanolie 4/ hydrogen chloride. The products were examined by
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gas=liquid partition chromatography and gave peaks with the retention

times of the methyl glycoside

of the fellowing sugars in table XVIII,

TABLE XVIII
|
Sugar Relative T .
Proportions [Column a|Column b|Column ¢|Column ¢|Column &
2’3’4 l.s’m tre 0.47 nede l.‘. 0040 :‘.45
2,345 Hey=Ara ++ 0456 0e48 049 0ed5 0461
0.72 .64 0465 0,78
3,4 Me,~Rha + 1,03 (0.66) 084 0.83 1.07
3 Ve ~hha - nede 101 neds ‘nede nede
1,3,4,5no4-nh-o1 + 1.10 (0.84) 1.05 1.10 1.13
2,3 Ne,~Ara + 152 50.66; 1.16 1.21 (1.88)
(1.76) 0.84 1.63 2.30
2.03
2 Ne =Ara tr. neds 124 ned, Nede
2,3,4’6 ’4.4‘-031 “++ (1.76) nede 1048 1191 (1088)
1.78 2.05
2,3,6 n03~cal At 3.21 1.61 2.83 3466
3.93 2.07 3467 4.40
4.30 2.23 4.12 4.98
4470 | (2.51) 5e43
2,6 l‘e-aﬂ 44 10.3 (2.51) 8.32
11.2 3.03 11.0
1548 3.58 12.6

* Column temperature 125°.

neds = not detected.




Sodiun hydride (1.5 g) was washed three times with 1ight petroleum
(B+P430-40°) and then stirred in dimethyl sulphoxide (15 ml.) at 50° under
an atmosphere of nitrogen for 45 mins. A sanple of the polysacoharides
eluted from the diethylaminoethyl Sephadex A=50 columns with 042 - formic

acid (polysaccharide fraction 102a)(500 mgs) was dissolved in dimethyl
sulphoxide (50 ml.) by heating at 60° for 15 mins. and the required
amount (357 excess of theoretical) of the methylsulphinyl carbanion
(6 ml.) was added. A gel formed but disappeared after stirring at room
tempoerature for 4 hrse (the time required for alkoxide formation).
Hethyl iodide (3 ml,) was then added to the stirred solution at a rate
so that the temperature did not rise above 25° and stirring was continued
at room temperature overnight. The clear molution was then concentrated
to remove any remaining methyl iodide and the solution was dialysed for
24 hrss The non-diffusible material was conoentrated to a ayrup,
dissolved in chloroform and the chloroform solution filtered before
pouring into a large excess of light petroleun (B.P.60-80°), The
precipitate was removed at the centrifuge and dried over phesphorus
pentexide in vacuo at 60° to give a methylated polyssccharide (292 me.)
[Founds oie = 40,277, LOT, = 95° (g 04484 1n CHOL,)e

A sample of the methylated polysaccharide (30 mg.) was methanolysed
¥ith methanclic 47 hydrogen chloride and examination of the products with
gas=liquid partition chromatography gave peaks with the retention times of



108

the methyl glycosides of the following sugars in table XIX.

TABLE XIX
Jugar Relative =
Anounts | Column a|Column b|Column ¢ |Column ¢ (Column 4 |Column
2.3.“‘3’&.. tr. 0046 nede Nnede 0040 047 043
2.3,5!03-A.ru. 44+ 054 047 0449 0e45 059 0450
0e73 (0.64) 0465 Ceb2 0.78 OeT1
2,3,4%e =~ira. tr. (1.05) nede (0.87) 0e90 (1.17) neds
3.43&.2-Rhl ° tre (1 06) nede (0087 ) 0.82 (1 17 ) Neds
2,3Me,=ira. - 1457 (Ce64) 1.18 1420 1.89 1.04
1491 0.82 (1.50) 1.61 2.34 1.43
Ce95
2 ,Sn.z-hl - - neds Nede Nede 1450 2.18 130
2.53
2'3.4’6".4.'0‘10 + nedes n.de (1 050) 1.86 ne.de 1085
1.76 2,02
2,3,6)&.3-(3;1. 4 3e23 1.63 2.80 3.64 3.01
(4¢15) | (2409) | 3457 4.38 (3.79)
4066 2.32 40“ 4083
(2.51) 543
2,4,6".3-MO » (40 15) (2009) nede nede 347
4466 2.32 (3.79)
2,34%0 y=0al, 4 Te32 (2:51) | 6467 8469 6445
2.89 707
2 géﬂ.z.Mo tr. ned. neds 8.61 neds
2,“.2.0“0 el nade 3.57 1445 nede 12.45
4417 1647 13.4

* Column temperature 125°,
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A further sanple of the methylated polysaccharide (20 mg.) was
heated in methanolic 4% hydrogen chloride at 100° overnight and the
methyl glycosides were hydrolvaed with ¥ = sulphuric scid (2 ml.) at
100° for 4 hres Small ameunts of L - arabinose and 2 = Q = methyl
g ~ arabinose along with the sugars above were deteocted on paper

echronatography in Solvent F.



110

The methylsulphinyl carbanion was prepared as above. A sample of
the polysaccharides eluted from the diethylaminoethyl Sephadex A=50
columns with water (polysaccharide fraction 102b) (250 mg.) was dissolved
in dimethyl sulphoxide (50 ml.) by heating at 60° for 15 mins. and the
required amount (35% excess of theoretical) of the methylsulphinyl carbanion
(3 mls) was added. After alkoxide formation was complete (4 hrs. ), methyl
iodide (1.5 ml.) was added to the stirred solution at a rate so that the
temperature did not rise above 25° and the reaction was continued as above
to yleld a precipitate of methylated polysaccharide (175 mg.) /Founds
Otte = 39.7% 7, [O, = T1° (g 0.406 in CHO1,)s

A sample of the methylated polysaccharide (30 mg.) was methanolysed
with methanolic 4% hydrogen chloride and gas=liquid partition chromato=
graphy of the methanolysis products gave peaks with the retention times of
the methyl glycosides of the following sugars in table XX.
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TABLE XX
Sugars Relative % *
Amounts Column a | Column b | Column ¢ | Column ¢ | Column @
2,3.4“.3-x’10 tre 0+44 nede 0040 0.36 037
(0454) (0447) | (0e46) | (0o46)
2,3,5H0 =Aras | 444+ (0.54) 047 (0447) (0.46) (0.46)
0469 (0.65) 0462 0.64 OeT1
2,3,4”.3.&?.5. tre. nede nede 0.89 0.96 nede
394’4.2-311&. tre nede Nnede 0485 0.8) Nede
2'3,4,6}4.4-’3. tre nede nede 1.03 1.03 ned.
(1.49) (1.65)
2,3H02-Ars. 444 153 (0.65) 1.18 1.21 104
(1.84) 0483 (1.49) (1.65) 1445
0.95
2,3,4,6".4‘-@. + nede nede 181 1.86 1083
2.03
2,3,6M03-0a1. ++ 3.06 (1+59) 2.85 2.92
4,10 (2.20) 3.70 3.76
(4451) 2.38 4417
2,36 y=0s ++ 3431 (1+59) 3420 4416
(4451) (2.20) 4.44
2.6"02-0610 tr. nede nedes 8.62 6095
975
12,0

* Column temperature 125°
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A further sample of the methylated polysaccharide (20 mg.) was
methanolysed with methanolic 4% hydrogen chloride at 100° overnight and
the methyl glycosides were hydrolysed with N = sulphuric aeid (2 ml.) at
100° for 4 hrse Small amounts of L -« arabinose and 2 = 0 - methyl = L~
arabinose together with the methylated sugars above were detected on

paper chromatography of the hydrolysate in Solvent F,




SECTION 2

THE EXTRACELLUIAR POLYSACCHARIDES
FROM SYCAMORE CAMBIAL CELLS
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RAC R POLYSACCHARIDE MIX

The external polysaccharide mixture was obtained as a pale brown
powder from Dre. P, Albersheims The polysaccharides had been secreted
into the culture medium by the sycamore cambial cells when the cells were
mildly rotated at 23° at PH 545 under conditions of interrupted darkness
in a nedium consisting mainly of sucrose and yeast extract with small
amounts of 2, 4 diehlorophenoxyacetic acid and various minerals. After
twelve days, the cells were removed by filtration, the polysaccharides
were precipitated from ethanol and the precipitate was washed with
acetone and dried by desmicatione.

The insolubility in water of half the polysaccharide mixture when
received would suggest that some of the mixture had undergone a change
in physical state during the drying process. Both soluble and inscluble
fractions gave on hydrolysies similar mixtures of galacturomic acid,
galactose, glucose, mannose, arabinose, xylose, fucose and rhamnose and
contained eimilar amounts of uronic acids, The sugar composition of the
external polysaccharide mixture seemed to be similar to that of the wall
polysaccharides obtained from the cambial region of the sycamore tree
(71)(72)(73) except for a somewhat greater amount of manncse.

Ion=exchange chromatography of the polysaccharide mixture on
diethylaminocethyleellulose indicated that it was composed of neutral
polysaccharides and a range of acidic polysaccharides of the pectic type,
with varying amounts of galacturomic acid and verying degrees of
esterification.
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The fractionation scheme carried ocut on the polysaccharide mixture
is summarised on the following page. The separation of acidic and
neutral polysaccharides in the water-scluble fraction was achieved by
precipitation of the acidic polysaccharides as their copper salts (92).
The acidic polysaccharides were further purified by chromatography on
diethylaminoethyl Sephadex A=50 giving two acidic fractions of similar
composition, optical rotation, and uroniec acid content, which were
combined, constituting a peotinic acid, /O¢7, + 178°, with uronic aeid
content of 67% and methoxyl content of 3.4%. Two of the neutral poly=
saccharides were also obtained in a pure form. A crude separation of
the neutral polysaccharides was achieved by the ability of some mannose
containing polysaocharides to form a complex with copper in alkaline
solution (93)s Cellulose was found to absorbd all the neutral poly-
saccharides present except a mannan and an arabinogalactan , Cn the
basis of this, a pure mannan, 1§5§75 + 75°, was cobtained by chromato=
graphy of the crude mannan on cellulose and a pure arabinogalactan,
155557'D - 45°, was also obtained from chromatography on cellulose of the
polysaccharides which did not complex with copper. In addition to these
polysaccharides which have been isclated in a pure state, it is probable
from the monosaccharides detected on hydrolysis that a xylan and glucan

are alsoc present.
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EXTERNAL POLYSACCHARIDE MIXTURE

COLD WATER
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r "]
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ELUTTON ELUTION ELUTION CHUDR SUPERNATANT
WITE WITH WITH ¥ ANNAN
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WITH WITH ¥ITH ARABINO= o NN il :
WATER TH=UREA | Oo5§-NaOH GALACTAN  XYLAN & GLUCAN

IxyYLAN & GLUCAN!
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THE PEC C ACID

The pectinic acid was subjected to partial hydrolysis involving
) sulphuric acide The hydrolysate was separated intoc neutral and
acidic fractions on diethylaminoethyl Jephadex A=-25, Examination of the
neutral frection showed that it contained galactose, arabincse and
rhamnose together with small amounts of xylose, glucose and fucose. The
acidic fraction was further fractionated on diethylaminoethyl Sephadex
A=25 and, where necessary, on filter sheets to yield five acidic
olisvmcmim. |

The firast of these gave galacturonic acid and rhamnose on hydrolysis
and the methanclysis preoducts of the methylated cligossocharide contained
the methyl glycosides of 3, 4 di -g-nthn-g-rhunon and 2, 3, 4
tri « 0 = mothyl - g - galacturonic acides These results when taken with
the chromatographic and ionophoretic mobilities of the oligosaccharide
confirmed that it was 2 = 0 = (X = D galactopyrancsyluronic acid) = L~
rhannose.

The second oligosaccharide was tentatively identified as 4 - 0 -
( /5 = D = glucopyranosyluronic acid) = L = fucose from its chromatographic
and ionophoretic mobilities and from the release of glucuronic acid,
glucurone and fucose on hydrolysis,.

The third oligosaccharide was tenatively identified as 6 = 0 =
( /.') - g = glucopyrancsyluronic acid) = D~ galactose from its chromatographic
and ionophoretic mobilities and from the release of glucuronic acid,
gluourone and galactose on hydrolysis,.
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The fourth and fifth oligosaccharides gave galacturonic acid only on
hydrolysis and from their chromatographic and ionephoretic mobilities
were tentatively identified as 4 = 0 = (X = D = galactopyrancsyluronio
acid) = D = galacturonic acid and O =(X= D = galactopyranosyluronic seid =
(15 4) = 0 =cx= D ~ galactopyrancsyluronic acid = (1 = 4) = D=
galacturonic acid respectively.

The main sugars, galactose, arabinose, rhamnose and galacturonio
acid, released on hydrolysis of the polysaccharide, its high uroniec acid
content and high positive rotation together with the isolation of these
five oligosaccharides, which were also obtained from citrus pectin, verify
that it is a typioal pectinio acid, The isolation of the galacturono=
biose, the galacturonotriose and 2 « 0 = (X = D - galactopyranosyluronic
acid) = L = rhamnose indicate that the main chain is built up of
contiguous galacturonioc aecid residues linked through the 1 and 4 positions
interspersed with occasional rhamnose residues, No definite structural
interpretation, however, can be placed on the two glucuronic acid
containing aldobiouronic acids which have also been isolated from citrus
pectin as desoribed previously in this thesis, from lucerne pectic
acid (42), and from the acidic polysaccharides in soyabeans (40)(a1).
Similar glucurcnic acid containing aldobiouronic acids have been isolated
from tragacanthic acid (94) where the glucuronioc acid residues would appear

to be present as end groups.
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JHE ARABINOGALACTAN

Fartial hydrolysis of the arabinogalactan with .'5‘ sulphuriec acid
yielded two oligosaoccharide components which were tentatively identified
a8 3 = 0 = 5= D = galactopyrancsyl = D = galactose and 6 = 0 = 3= D -
galactopyranosyl = g - galactose on the basis of their paper chromatographic
mobilities.

When the arabinogalactan was methylated with methyl sulphate and
sodium hydroxide, fractionation took place which resulted in two partially
methylated products being isclated, ¥M.1. being water scluble and M.2,
being water insoluble. These two fractions were further methylated in
parallel by methyl iodide and silver oxide to yield fully methylated
fractions Mele and Me2e with [O<7 , = 35° ana [O7 ; - 80° respectively,
Mets being the minor fraction. Methanolyeis of samples of these fractiona
yielded the noth:l glycosides of the following sugars which were identified
by gas-liquid partition chromatography.
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Relative Amounts

Sugar

Hels Me24
2y 3y 4 tri = 0 = methyl = D = xylose tre tr.
oxr 2, 3.4tr1-9_--othyl-g-rhmuo
2y 35 5 tri = 0 = methyl ~ L « arabinose s R
2y 3y 4 tri = 0 = methyl -g- arabinose tr. tr.
2,3“-2-..&;1-&—&.&”.0 + +
2y 3y 4y 6 toetra = O = methyl = D - mannose + /
2y 35 4, 6 tetra « 0 = methyl - D - galactose tr, tre
3y 4y 6 tri = 0 = mothyl = D - mannose tre. /
2y 4y 6 tri = C = methyl = D = galactoss - +
2y 3y 4 tri = 0 = mothyl = D « galactose + +
2, 4&-9_-nthy1-gonlwtou o ++

tr. = trace

It is evident from the methylated derivatives of mamnnose obtained in
¥els and from its less negative rotation that the arabinogalactan must have
been contaminated by a small amount of mannan and that partial fractiocnation
had taken place during methylation to yield as the major fraction a pure
partially methylated arabinogalactan (H.2,) and as the minor fraction a
partially methylated arabinogalactan containing some partially methylated
mannan (Me1).

From the detection of 3} = 0 = 5 = D = malactopyrancsyl - g- galactose
and 6 -Q_-ﬂ «D - galactopyrancsyl = L - galactose from partial hydrolysis
and also 2, 4, 6 tri = 0 = methyl = D - galactose, 2, 3, 4 tri = O = methyl =
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D - galactose and 2, 4 = di - 0 - methyl - S galactose from methylation
studies, it would appear that the galactan portion of the polysaccharide is
of a branched nature. In view of the relatively high proportion of
2y 35 5 tri = 0 = methyl - L ~ arabinose obtained from the methylated
polysaccharide, most of the arabinose residues must be present as end group
which,together with the absence of 2 -~ O - methyl - L - arabinose, confirms
that the arabinose residues are constituents of an arabinogalactan and not
a discrete arabinan.

On the basis of the galactose residues being linked through the 1 and
3, and 1 and 6 positions, this arabinogalactan is similar to the water-
soluble arabinogalactans from coniferous woods (95) and differs from the
pectic type of arabinogalactan, isolated from soyabeans (19), which
contains galactose residues linked through the 1 and 4 positions only.
From its dissimilarity to the pectic type arabinogalactans it would appear
that this arabinogalactan is not associated with the pectinic acid. No
other arabinogalactan of this type has so far been isolated from deciduous

wWood.
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THE MANNANW

Nethylation of the mannan by the method of Srivastava (96) yielded a
partially methylated polysaccharide which was completely methylated by
silver oxide and methyl iodide. Methanclysis and subsequent gas-liguid
partition chromatography of the methyl glycosides indicated the presence
of the following methylated sugars.

Jugar Relative Amounts
2, 3,4,6“%&-2-.“11:1-2--.&»0.0 R
3, 44 6 and/or 2, 3y 4 tri = 0 = methyl = D - manncse +
2y 4y 6 tri = 0 = methyl = D - mannose +
;3,4u-g--othy1-g-lmou +

The detection of the above methylated sugars together with its high
positive rotation (+ 75°), indicative of Xlinkages, suggested that this
was a yeast mannan (97) and not the usual linear type of mannan which is
found in plants (98) and contains /‘} linkages.

The isolation of such a mannan cast doubts as to its authenticity as
an extracellular polysaccharide produced by sycamore cambial cells and it
was suspected to be a contaminant. Careful examination of the growth
conditions of the sycamore cambial cells showed that it oould not have
been produced by micro-organisms but after further investigations,
Albversheim found that tho mannan was a constituent of the yeast which was
used as a nutriant for the sycamore cambial cells and was being released
into the culture medium.
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The confirmation that the mannan was not being produced by the
sycamore cambial cells explains the relatively high proportion of mannose
in the external polysaccharide mixture when compared with the wall poly~
saccharides from the cambial region of the sycamore tree and suggests that
the suspected glucan may have arisen from the same source.

Thus, until conditions, whioch do not involve the use of yeast and
consequently avoid this type of oontamination, can be evolved for the
incubation of the cells, comparisonas between the polysaccharidea-produced
and those in the cell walls must be somewhat restricted. [However, there
seems little doubt that the pectinic acid and the arabinogalactan are
genuine products of the syoamore cambial cells and the formation of this
type of arabinogalactan, similar to those found in coniferocus woods, is of
interest as arabinogalactans have not been reported in deciduous woods up
till now.
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The polysaccharide nirture (12.4 g.) was stirred in cold water
(4 1.) for 24 hours, and the insoluble material was removed at the
centrifuge and dried by solvent exchange to give polysaccharide A
(63 @)e Further extraction of polysaccharide A with boiling water,
Y - ammonium hydroxide,and .l. = godium hydroxide failed to sclubilise
any more material. The supernatant solution was concentrated, poured
into ethanol (4 vol.), and the precipitate was removed at the cemtrifuge,
redissolved in water and any remaining traces of ethanol were remcved
under reduced pressure before freeze drying to give polysaccharide B,
(547 @e)s The hydrolysis pattern of the two fractions is shown in

table I.
TABIE I
Extract | Uronic Acid Sugars on Hydrolysis
Anhydride % a | CalA. | Gal. Ce Man. | Araes | Xyle | Fucs | Rhae
A 1846 + + + + + + tre | tre
B 173 + + ks 4+ + + tre | tr.

a = by decarboxylation tre. = trace

A sample of polysaccharide Bs (110 mg.) was chromatographed on
diethylaminoethylcellulose (30 g.), generated in the phosphate form.
The column was eluted successively with 0,05 5, 0.10 b 0.25 K and
0s50 ¥ = sodium dihydrogen phosphate buffers at pE 6 and finally with
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0450y = potassium ohloride solution. Fractions (10 ml.) were collected

and analysed by the phenolesulphuric acid method for total sugars to

give a plot of polysaccharide content against eluate (diagram 1.).
Polysaccharide peaks were analysed for uronic acids by the carbaszole method.
Details of the four polysaccharide fractions eluted are given in table II.

TABLE IT
Eluant Wte Ushe® Sugars on Hydrolysis
(nge) % CalAe | Cale | Ge | Mans | Aras | Xyls | Fuce | Rhae
0005,).!.‘-?045 49 1 / + + |+ + |+ r i ! d
04 108=PO ‘s 11| 33 a4t |+ |2 |tre | ¢ | tre |tre |t
0425}=P0 45 13 21 e+ | & |tre | / + |tre |tre | tre
0450K=P0 45 14 | 54 s | @ /] 1 /7 |+ |[tre |tre |tr.
0e50E=C1 | 6 | mede | 44+ | ¢ | & [tre | + [tre [tr. |tr.

* Uronic Acid Anhydride by carbaszole method.
nede = not determined

ONATION OF THE POLYSACC S
The polysaccharide mixture B. (5.5 g.) was dissolved in water (1.5 1.)
and copper acetate solution (100 ml.) was added dropwise with vigorous
stirring. The acidic polysaccharide was precipitated as its copper salt
which was decomposed with acetone containing 1% hydrogen chloride. The
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precipitate was washed free of hydrogen ohloride with ethanol, dissclved
in water and the solution was freese dried to give polysaccharide
fraction 1. which was further purified by chromatography on diethylaminoe
ethyl Sephadex « A50 (15 g.j formate form) to give polysaccharide
fractions 1as, 1bs, and 1o, eluted with water, 2 X = formic acid, and

3 N - formie acid respectively, The formic acid eluants were dialysed
for 24 hre., the pH of the sclutions was adjusted to 4.5 with potassium
acetate and the solutions were concentrated before precipitating the
polysaccharices in ethanol containing 4% acetic scids The precipiiates
were washed free of acetic acid with ethanol, dissolved in water and the
solutions were freesze dried.

The supernatant solution from the copper acetate precipitation was
concentrated to 500 ml. and Fehling's solution (20 ml,) was added dropwise
with vigorous stirrings The precipitated material was removed at the
contrifuge and the copper complex was destroyed in the same way as the
copper salt to give polysaccharide fraction 2, Polysacoharide fraotion 2.
was then dissolved in the minimum amount of water (ca. 30 ml.) and applied
to a cellulese column (60 g«) to give polysaccharide fractions 2ae, 2b.,
and 2¢., eluted with water, TH = urea, and O'S.N_ = godium hydroxide
respectively. The sodium hydroxide eluate was neutralised with g -
hydrochloric acid and was then dialysed against running tap water for
two days,as was the urez eluate, The three fractions were each
precipitated from ethanol (4 vol.) and redissolved in water before freess

dryingo
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The supernatant solution from the Fehling's solution precipitation
was neutralised with y - hydrochloric acid and dialysed against running
tap water until mno blue colour remained before precipitation from ethanol
(4 vol.) and freese drying to give polysaccharide fraction 3+ Polye
saccharide fraotion 3. was then chromatographed on celluleose (60 g.) to
give polysaccharide fraotions 3a., 3bs., and 3Jo., eluted with water,

7}. - urea and 0.5: - godium hydroxide respectively. The sodium

hydroxide solution was neutralised with g = hydrochloric acid and was then
dialysed against running tap water for two days, as was the urea eluate.
The three fractions were each precipitated from ethanol (4 vole) and
redissclved in water before freeze drying.

Details of each fraction are given in table III.

TABLE III
Fraction| Wts [[cl; [ Sugars on Hydrolysis
(g) GalAs [Cale | O.|Mane | Arae | Xyle | Puce | Rha
1 14555 444 |44 + |+ + < / tre
1a |D.625 YA = S S R P y . /
1 (04308 | +175° [0e452 (4444 [++ | /| / tre | / | tre
1o (04396 | +180° |Ced52 (saes+ |4+ | /| / s |S2e | /| ®we
2 1.858 / + |+ |e+ [tre |4+ |tre | tr.
2a (04803 |+ 75%(04320| / |tre |tre|esss | / [txe | / /
2b (0,577 / + |4+ |+ |tre |4+ tre /
2c  |0.296 / * |4+ [tre |tre [4++ | tr, /
3 1.998 + N T L e + +
38 (14010 | = 455 (0e510| /  |#+ [tre|tre |4+ / / | tre
3b  |04370 ++ |44+ |tr. + |[e | 7
3o |0.356 /  |tre |4+ | / / |#++ |[t2e | /
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Polysaccharide fractions 1be /Found: U.A. (by decarboxylation) =
65%7 end 1e. /[Founds UsA. (by decarboxylation) = 68%Z7 were combined
constituting a pectinic acid /Found: UsA. (by decarboxylation) = 67Z7
[Founds OMe = 3,477 Polysacoharide fractions 2a. and 3a. comstitute
the mannan and the arabinogalactan respectively
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THE PECTINIC ACID

Iartial Hydrolysis
A sample of the pectinic acid (450 mg.) was dissclved in E -

sulphuric aeid (30 ml.) and heated at 100° in a sealed tube for 4 hrs.
The insoluble material, which was removed at the centrifuge, was shown
by hydrolysis for a further 12 hrs. in y~- sulphuric acid to contain 2 -
galacturonic acid only. The supernatant solution was neutralised by
stirring with barium carbonate, treated with Amberlite IR 120 (H) resin
and concentrated to a syrup (248 mg.).

The syrup was then dissolved in the mimimua volume of water and
applied to a diethylamincethyl Sephadex A = 25 column (5 gej formate
form) which was eluted with water (1.5 1.), to give neutral sugars
(118 mge ), followed by water containing increasing quantities of formio
acid to give four acidic oligosaccharides whioch were further separated,
where necessary, by chromatography on Whatmann 3 MM paper.

Oligossocharide 1. (3 mg.j eluted with 0,05 ¥ - formic acid), Rggyy, =
086 (30lvent B.), Mg = 0.56 gave galacturonic acid and rhamnose only on
hydrolysis and was chromatographically and ionophoretically indise
tinguishable from 2 = 0 = (o<= D = galactopyranosyluronic acid) - L~
rhamnose. Methylation of the sugar by the Kuhn method and subsequent
gas=liquid partition chromatography of the methanclysis products gave
peaks with the retention times of the following sugars.
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Sugar Te (Column o)
3,4u-g-nthyl-£-rh¢nou 0485

2y 35 4 tri « 0 = methyl - 2- galscturonic acid 6.83, 6.50

Oligosaccharide 2. (2 mgey eluted with 0.5 J - formic acid) Reoqa, =

0.59 (Solvent n) ¥, = 0462 was chromatographically and ionophoretically
indistinguishable from 4 = 0 = (3= D = glucopyranosyluronic acid) =
L~ fuccse and gave glucuronic acid, fucose and giucurons on hyérolysis.

Oligosaccharide 3. (2 mgej eluted with 0,05 X - formic acid) Roa1 =
0.23 (Solvent B) Hy = 108 gave glucuronic aeid, gluourone and galactose
only on hydrolysis and was chromatographically and ionophoretically
indistinguishable from 6 = 0 = (= D = glucopyrames;luronic acid) -

2 - galactose.

Oligosaccharide 4. (8 mge; eluted with 0u4 X - formic acid) L
0s25 (Solvent B), = 0,50 (Solvent C) M, = 0.96 gave galacturonic aeid

only on hydrolysis and was chromatographically and ionophoretically
indistinguishable from 4 = 0 = (<= D = galactopyranosylurenic acid) =

3- galacturonic acid.

Oligosaccharide 5. (8 mge; eluted with 0.5 N - formic acid) Roala, ™
<
0425 (Solvent C) My = 0,95 gave galacturonic acid only on hydrolysis and

was ionophoretically and chromatographiocally indistinguishable from
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0 =o<~ D = galactopyranosyluronic acid = (1 4) “0=xX=D=
galactopyranoayluronic scid = (1 @ 4) = D = galactopyrancsyluronic acid.
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THE _ARABINOGALACTAN

Partial Hydrolysis

A sample of the polysaccharide (10 mgs) was heated in N = sulphurie
acid (1 ml.) in & sealed tube at 100° for 30 mins. and,after cooling, the
solution was neutralised with barium carbonate, centrifuged and any barium
ions were removed with Amberlite IR 120 (H) resin before concentrating to
a small volume, The hydrolysate was chromatographed in solvents A and B
and the following table IV compares the oligosaccharides 01 and 02, which
were obtained, with authentic galactose oligosaccharides and shows that
they are chromatographically indistinguishable from 3 =0 = /3= D =
galactopyrancsyl = D - galactose and 6 =0~/ D = galactopyranosyl =
g « galactose respectively.

TABLE IV
0ligosaccharides 1510‘:l Rw
Selvent A Solvent B
Galpl 3 4 calp 0456 0.40
Galpt 5 3 Galp 0449 0.32
Galpl 3 6 Galp 0.32 0.22
Galp! % 4 Galp1 3 4 Galp | 0.28 0e15
01 0.48 tr. 0.33 tr.
02 Ce 31 0.24

Methylation
The polysaccharide (850 mg.) was dissolved in water (20 ml.) through
which a continuous stream of nitrogen was passed. Methyl sulphate (10 ml.)
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and 307 sodium hydroxide solution (20 ml,) were added dropwise over a
period of four hours to the solution in an ice bath with vigorous stirring.
The additions were repeated sach day for a further four days and on the
sixth day the solution was heated in a boiling water bath for 1 hr., cocled,
centrifuged and the pH of the supernatant adjusted to 4 with dilute
sulphuric acids The solution was then extracted with chloroform
(4 x 200 ml.), the ohloroform solution was dried over anhydrous sodium
sulphate and concentrated under reduced pressure to give a syrup Hele
(305 mge)e

The residue from centrifugation was extracted with acetone, the
solution wnes concentrated to a syrup which was then extracted with
chloroform and tho_ehloroforn extract vas dried over anhydrous sodium
sulphate before concentration to a syrup M.2. (853 mg.)

The two fractions, M.,1 and M.2., were further methylated separately.

Bach fraction was dissolved in methyl iodide (25 mle for Mets)
(50 ml. for He2.) and silver oxide (0,700 ge for Mels) (1s5 ge for He2.)
was added portionwise each hour for four hours with constant refluxing
and stirring. The reaction was continued overnight, the mixture was
then coocled, filtered and the silver residues were washed with chloroform
and then extracted with chloroform in a Soxhlet extractor for 8 hrs. The
chloroform extracts were oombined and concentrated to a syrup (250 mge =
Mels) (BO5 mge = ¥e2.)

The silver oxide/methyl iodide methylation was repeated and the
syrups obtained werse dissoclved in a small volume of chloroform and
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precipitated from s large excess of light petreleun (B.P. 60°/80°) to
give white precipitates which were dried over phosphorous pentoxide in

vacuo for 24 hrs. before the measurements in table V were obtained.

TABLE V

 Fraction | ove® | [X], | o in OH €1, | ¥te(e.)

Mels 39.7 | =35° 0.520 0.153
Me2e 39,5 | =80° 04510 0s444

Methanolysis of samples (20 mge.) of each fraotion and subsequent
gas=liquid partition ohromatography gave peaks corresponding to the methyl
glycosides of the methylated sugars in table VI.
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TABLE VI
Hethylated Relative Te
Sugars Proportions Mels He2e
Hele | Me2s | Columne«a, @ Columnea. | Column.ce
2,3, 4 l.;-l’lo tre. tr. 0.46 047 0.44
or 2’ 3’ 4 '.3.m

2, 3,5 los-!u. e | e 0.55 0454 0«48
0.70 0.71 0.61
2y 3, 4 llo)-Ara. tr. tr. 1.03 1.03 0.86
|25 3 l(oz-Arn. + + 1.54 : 159 1.19
{ 150

2, 3, 4,6 l""" + / 1.40 / /
2, 3’ 4,6 l.4.a‘10 tre trQ 1076 ‘080 1.81
3y 4y 6 Hey=an. tre / 3413 t / /
2’ 4’ 6 1103-0!1. + + 4016 4410 3058
475 4465 4419

2y 3, 4 ”s-m. + + Te25 T30 6.82
2, 4 l.a'-Mo 4 ++ 171 17.2 14.2
19.4 195 16.2
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JEE _NANUX

Hethylation
The polysaccharide (200 mgs), which had been previously dried at

60° in vacuo over phosphorus pentoxide, was dissolved in the minimum
volume of dimethyl sulphoxide (4 ml.) and barium oxide (1 g.) and methyl
iodide (4 ml.) were added. The mixture was stirred at room temperature
for 48 hrs., centrifuged and the residue was washed with chloroform. The
supernatant solution and the chloroform extracts were combined and more
chloroform was added until the precipitation of organic salts was complete.
ihe salts were removed by centrifugation and the rede-brown solution was
decolourised by washing with a 15% solution of sodium thiosulphate and then
washed with a asmall volume of water to remove any residual dimethyl
sulphoxide before concentrating under reduced pressu . %o give a syrup
(161 mge)e

The syrup was dissclved in methyl iodide (5 ml.) to which was added
silver oxide (50 mge) in four portions at hourly intervals with constant
stirring and refluxings The reaction was continued overnight and the
residual silver salts were removed at the centrifuge. The residue was
extracted for 8 hrs. in a Soxhlet extractor with chloroform and the
extracts were combined with the supernatant solution before evaporation
to drymess to give a syrup (143 mg.)

The silver oxide/methyl iocdide methylation was repeated twice and
the final ayrup was dissolved in a small volume of chloroform and the

fully methylated mannan (124 mgs)y [OF, = +73° [8 = 0.5107
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[ Founds Oite, 43.272_7 was precipitated from a large excess of light
petroleun (B.P. 60°-80°) to give a white powder which was dried over
rhosphorus pentoxide in vacuo.

A sample of the methylated mannan (10 mg.) was methanolysed and
the resuitant uoﬁﬂ glycosides on gas-liquid partition chromatography
gave peaks with the retention times of the methyl glyccsides of the
sugars in table VII,

TABLE VII
Methylated T Relative
Sugars Column a | Column b | Proportions
|2, 3, 4, 6 He,~itan. 1043 1432 -
3’ 4, 6 l.s-l«lll. 3'” 1070 +
“‘/Or 2.3.4 “3
2’ 4’ 6 u.3*‘o 3083 1.” +
3, 4 "2".lno Te35 2.26 “+

A further sample of the methylated mannan (4 mg.) was heated in
methanolic 4% hydrogen chloride at 100° overnight and the methyl
glycosides were hydrolysed with E - sulphuric acid (1 ml.) at 100°
for 4 hrs. Demethylation of the hydrolysate gave mamnose only on
paper chromatography in solvents A and B.
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