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SUMMARY

Polysaccharide exudates from various South African plants have
been investigated in orAer to obtain, if possible, correlation between
the taxonomic origin of the plant and the chemical composition of the
polysaccharide, The composition of the exudate has been shown to be
genus specific though in some orders of plants the similarity does,
to a lesser extent, extend to the family,

Of the polysaccharides studied, that from Watsonia pyramidata

was selected for study of the fine structure. Using the techniques
of partial hydrolysis, methylation, and periodate oxidation it was
shown that this polysaccharide consisted of a basal chain of 1 » 4~
linked xylose residues, each residue being dngly branched and carrying
side chains containing galactose and araﬁinose. The trisaccharide
0O-¢ -D-galactopyranosyl-(1 + 3)-Q0~ a-L-arebinofuranosyl-(1 = 2)-
L-arabinose (contained in the side chains) was isolated for the first
time, whilst 359*(xéQ-galactopyranosyl-g-arabinose which had previously
been obtained only as & syrup was crystallised and some of the physical
properties of this crystalline material were measured,

A possible structural repeating unit for Watsonia polysaccharide

has been proposed in the light of experimental results obtained,

Part of the work reported here has been published as a preliminary

report, viz,, "A Complex Polysaccharide from Watsonia Corm= Sz2s” by
. DoHo/oooooo



D.H. Shaw and A,M. Stephen, S.African Ind, Chemist, 196k, 65.

A further part has been accepted for publication, viz., "Isolation
of Crystalline 3-Q-x-D-galactopyranosyl-L-arabinose from a Poly-
saccharide found in Watsonia Corm-sacs." by D.H, Shaw, A,M. Stephen,

and (in part), A.O0, Fuller, J., 1965, in press,
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' INTRCDUCTION

The taxonomic relationships between various botanical classes
have for meny years been a source of interest to botanists. Using
classical methods for deciding to which order, fautily, genus, and
species a certain plant belonged, most plants have been satisfac-
torily c;lassified. Durlng recent years chemists have tried to
classify plants taxoﬁomically by the type of chemical components they
contain, As more research work is aone on the chemical constituents
of planté. and more results ‘obtained,'i the data available for this
purpose have in some cases become numerous enouglh to draw some

conclusions,

In the field of the polysaccharide gum exudates from higher
plants this is so. As early as 1854, Neubauer1 was working on "gum
arabic", which he found to be the neutral salt of an acidic _poly—'
saccharide and, following from this beginning, a great deal of know-
ledge concerning the chemistry of "gum aresbic" has been obtained by
other workers, Possibly the stimulus for studying this particular
complicated substance arose from its relative abundance, commercial
use, and immunological propertiesz. Over the years, with the study
of other polysaccharide exudates from plants, especially from the
genera Aca.cia and Prunus, it has become possiblé to obtain some
general idea of the chemical constituents one would expect to find
in a certain type of plant. If one considers species of Acacia as

an example/.....
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an example one would expect to find that; (a) the equivalent weights
are generally in the region of 1,000 to 2,000, (b) all contain
D-glucuronic acid, ?Linked normally to C( £)° but occasionally ’to C( la-) of
D-galactose, (c) the backbone of the molecule consists of D-galactose
units; linked 1 ® 3 and sometimes 1. 6, (d) all the exudates
contain g-rhmose and L-arabinose in addition to D-galactose and
D-glucuronic acid, and (e) none of the polymers contain D- or L-xylose.
If however one considers the nine species of Prunus which have been
studied, a differgpt pattern is noticed; the main differences are

(a) the presence of Qf-zqy'lose and D-mennose, and normelly the absence of
D~ or I-rhamnose and (b) the occurremse of Derlucaronic acid, in this

2
in Acacia species), to C( 6) of D~galactose.

 genus, linked in some cases to C( ) of D-mannose, and in others (as

It appears that this type of chemical information does have
taxonomical significance, and Part 1. of this thesis is an attempt to
obtain more information on plant polysaccharide exudates in the genera

where exudates from only a few species have been studied.

In the literature there are few references to what Stephen and
Schelpe3 have chosen to call a type C polysaccharide gum exudate;
where the backbone of the molecule consists of D-xylopyranose residues
linked gl = 4 to each other and having a branch point on ;C( 2) with
a side chain of g -L-arabinopyranose, a -D-xylopyranose, or u—-g—g}.uco-

pyramxronic acid (or its 4=0-methyl ether). The type C polysaccharides

are/veeeese
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D-golaciopyrcnose
D~ glucopyranuronic ocid
D-qalaziopyranuronic acid

L-rhamnopyranose
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are roughly similar to the hemicelluloses which have 1 = 4-linked
D-xylose chains, and L-arabinose, D-glucose, D-galactose, or either of
the two acids mentioned above, in the side chains, but there are many

differences in detail.

In view of the sma_'Li amount of information from é;énera other fhan
Acacia and Prunus, the aﬁthor has surveyed hitherto unexamined poly-
saccharide exudates from thirteen plants to find, if possible, a type C
gum (as opposed to a hemicellulose) for detailed study; to see if there
are major \points‘ of difference within a genus, and to see if there are

points of simjlarity when only the order and family are the same.

Elucidation of .the structure of the gum exudates from plants is
an extremely complex procedure, and it is doubtful if, even with present
experimental methods, one. can give a better structural formula than
Haworth's classical repeating unit, which is merely the statistical
distribution and the position of the sugar residues over a certain
number of chain units., Sir Edmund Hirst has aptly expressed the
position: "The general problems involved in gructural determination
can be stated quite simply. It is necessary to know for each sugar
residue in the macromolecule i.ts mode of combination with its neighbours,
whether it is linked glycosidically in the a- or B-form, and its exact
position in the molecule, But when it is remembered that a typical
polysaccharide may comprise some’ 10,000 eor more sughr vesiducsﬁf

various kinds, that on occasions both D- and L~ varieties of the same

sugaxr/....
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sugar may be present in the molecule and that pyranose and furanose
forms may occur in the same structure, the chemist's task may be a
formidable one.")+ Nevertheless, a wealth of information has been
obtained for a wide range of polysaccharides by numerous workers;
notably Aspinall, Hirst, and co-workers for their studies on

5,6,7

gum Ghatti , Khaya grandif olia8, Khaya senegalensis9 s Anogeissus

schimErilo, gum Tragacanthll, and Acacia senegallz, gum cxudates

from widely differing taxa; Hirst and Jones with their investigations

3, 1 15, 16,17
,

on the polysaccharides exuded from damsonl , cherry

18,19

egg-plum s PeaChZO, and almond21 from the genus Prunus; Smith

and his collaborators from their work on Arabic acid‘zz’23 »2, 25,26 5
and Stephen and colleagues investigating the structures of Acacia

molliss:’.maz-’, A-CyaHOPhYllazs, A.karr0029 and Virgilia oroboides50’31’ :

32’33’34. These results in particular lead to the proposal that, as
has been known for some time in the field of alkaloid and terpene

chemistry, the chemical nature of the constituents of planfs (in this
case polysaccharide exudates) bears some relationship to the genus of

the plant, if not to the order and family as well.

Before the introduction of chromatographic methods into the field
of carbohydrate chemistry, the separation of sugars and sugar derivatives
was an extremely complex and tedious procedure, Despite this, Smith
and his co-workers were able to separate the very complex mixture of
methyl ethers from.methylated gum arabic using distillation methods23 .

With/.ee..
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With the advent of chromatography, the separations have become greatly
‘Simplified. It often happens that- very similar substances when
chromtographed on paper have the same Egal values when run in a
variety of chromatographic solvent systems, and it is very likely
that one peak on a‘gas-phase chromatogr;m does not in fact represent
only one component, For this reéson it is desirable to characterise

all organic substances by classic¢al methods wherever possible.




PART 1

. COMPAR/TTIVE SURVEY OF THE CONSTITUENT SUGARS AND

ROPERTT®S OF THE POLYSACCHARTDE BXUDATES FROM SOME

SOUTH AFRICAN PLANTS
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A comparative survey of the constituent sugars and

properties of the polysaccharide exudates. from some

South African plants,

The polysaccharide exudates studied in this thesis, are from
plants which normally grow in South Africa, though not all are necessar—
ily indigenous to this country., This investigation is an attempt to

find a chemical relationship between polysaccharide exudates in genera
other than Acacia and'Prunus, and to compare them with results already
found for exudates, in some cases in the same genus, and in bthers

in the same order or family. The author believes that apart from this,
the main value of this study will be in the recording for the first time
of equivalent weights, specific rotations, the monosaccharides which
make up the polymer, and in the tentative assignment of the structure
of some biouronic acids and disaccharides released on hydrolysis, of
thirteen plant polysaccharide exudates which have not préeviously been
investigated, The number of oligosaccharidés obtained on acid hydro-
lysis gives an indication of the number of different specific linkages
in the polysaccharides, presumably enzymatically formed. Thus the more
components detected on paper chrometograms, the more information one can
~ obtain about the complex structure of the exudate, Future workers may
from these results, obtain a guide to exudates which are worthy of

further study,
It/ e en.
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It must be strongly emphasized that as the identities of the
components released on hydrolysis were assigned ‘solely on the basis
of their heving the same Bg a1 values as standards on paper chromato-
graphy in three solvent systems, the identities are tentative. The
molar proportions of the constituents were only estimated visually
from paper chromatograms (in the author's experience, this is within

t 20% of the true value), and as such are very approximate.

Wherever possible, the exudates which have been studied, their
hydrolysis products, and the molar proportions of the sugar residues
obtained on hydrolysis, have been compared with a random selection
of published results for exudates from the same order, family, and genus,
Whilst this by no means covers all the gum-exudates which have been
studied, the ones selected are sufficient to gauge whether any rela-
tionship exists between the chemistry of the plant gums and their
taxonomic origin., These results are tabulated for clarity (tables
1+ 7). ‘The criteria for classifying an hydrolysis component in
this study as acidic , are for it to be mobile when chromatographed
in an acidic solvent, but immobile in a neutral or basic solveﬁ’t.
Components found on paper chromtograms (usually in trace amounts)
and not identified against standards, are reported only in the

experimental section of Part 1.

Key to tables 1 =».7 :
gal = D-galactose, gal A = D- galacturonic acid, gluc & = Q-glucuronic

acid, arab = L-arabinose, tag = D~tagatose, xylose = D-xylose,
- fuco VA
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fucose = L-fucose, rham = L-rhamnose, gluc = D-glucose, |

mann = D-mannose, * denotes a polysaccharide exudate whose chemical

properties are reported for the first time in this study (and whose ‘

monosaccharide component COnfig-uJ:"ations could be 2' or }‘___.-) , subscripts
and P denote pyranose 'and furanose forms of the sugar residues

respectively, tr = trace.

(A) Order - Sapindales. (Table 1.)

In this order, comparison may be made between exudates of the
same family only, as all the genera are different. Arabinose and
gelactose are the main components, though there is no correlation
between the amounts of each; 3-0-8 —];—galactopyranosyl—lz)—galactose

is a constituent of two of the gums, whilst in Spondias cytheria

the unusual hydrolysis product 3-0-a -D-xylopyranosyl-L-arabinose is
found, The general pattern which emerges though, is that at the
level of the same family and order, but different geners, no comparison

of the polysaccharide exudates is possible.

(B) Order - Tiliales. (Table 2.)
There are very many similarities between the exudates in this

order; as one might expect, Firmiana simplex being of a different gemnus

from the other four examples, does show marked differences, especially
in having erabinose as a component of the exudate. The specific ro-
tations for all the exudates are remarkably close to one another, but
the equivalent weights show a small scatter even among the Sterculia

species/....



(A) Order - Sapindales,

ﬁaﬁﬁy Genus Species [a;ID equivs | sugars identified by chromatography

Anacardisceae Anacardium occidentale55 - - arab, gal, xylose, rham,

Anacardiaceae Iannea grandi556 -24° 1,150 |arab(2), gal(6), gal A(2),

| gal A > 3gal.

: : . 37,38 o P o ‘

Anacardiaceae Spondias cytheria®’? -5 1,070 |areb, gal, xylose, rham(tr), gluc 4,
fucose, arab B + 3Jarab, 4Me-gluc 4,
Xylose a = Barab, 4Me gluc Aa > 3crab,
4e-glBo Aa > 5gal, gal B +3gal
gal, B~ egel. P

Anacardiaceae Mangifera indica L * - - ara'b(++i), gal (+).

Anacardizceae Rhus viminalis® +11° 1,005 |arab(+); .gal(s+), rham(tr), gluc A,

galpﬂ > 3gal, ‘glucPA B - 6gal.

Table 1,




(B) Order ~ Tiliales,

Family Gonus Species [a]D equive | sugars identified by chroma tography
I 39,40 o B EN » . _

Sterculiaceae | Sterculia -| “setigera +60 400" | gak(5), tag(l), rham(5), gluc A(8), -
galp’A = 2rham, galPA = 4gal.

|Sterculiacese | Sterculia | urens™t +64° 470 gal(6), rham(4), gal 4 - 2rhem,
gal A > 4 gal. P

Sterculiaceae | Sterculia | caudata™2 +69° 342 gal(l), rham(l), gluc A(2),
glucPA - 2rham,

Sterculiaceae | Sterculia | acerifolia® +72° 271 - | gal(+), rham(+), gluc A(++), 4Me gluc 4,
glucPAa - 4gal,

Sterculiacese | Firmiana simplex* +65° 996 gal(++++), arab(++), tham(+), gal A(+),
(galp.l‘.a > gal),

Table 2

- QT =
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species, though when one compares these deviations with those found

in Acacia species for the same property, it may be considered as well
within normal limits, The unknown biouronic acid from F, simplex could
well be L-0- @ -D-galactopyranuronosyl-D-galactose; this acid fragment
has been found in both S.setigera and S.urens. An interesting differ-

ence is the occurrence of D-glucuronic acid in S,caudata and S,aceri-

folia; the former has recently been transferred to the genus
Brachychiton, and one wonders whether the latter should not be
reviewed as well; chemically, apart from this replacement of
D-gelacturonic acid with D-glucuronic acid, these two spscies are very
similar to other Sterculia species, 1In this order, the exudates are
chemically similar and even when only the family is the same there
are many points of similarity. The high content of acid residues,
coupled with the presence of galactose and rhamnose as the other

ma jor components indicate gums of type B.

(c) order -~ Geraniales, (Table 3.)

Pelargonium protectum whilst interesting in have xylose as the

only neutral constituent, bears little relationship to other exudates
in this order., Apart from the equivalent weight there are few points
of similarity; the only neutral suger present in P.protectum is absent
from the other four examples. On the evidence available the biouronic
acid found in P,protectum is interesting enough for the polysaccharide
exudate to be worth further investigation, This biouronic acid. is

certainly not 2-0-(4-O-methyl-D-glucopyranuronosyl)-D-xylose, which has
been/....



(¢) Order - Geraniales,

Family Genus Species (el equiv. | sugars identified by chromatography

' v .

Rutaceae Citrus limonia®® +210 785 arab(22), gal(55), gluc A(22),
glucpA o 4gal,

Rutaceae Citrus maxima® > +56° 590 | arab(16), gal(53), gluc A(31),
glucPAa =+ 4gal,

Meliaceae Khaya gra.ndifolia8 +122° 344 gal, rham, gal A, 4Me~gluc 4, ,
gal A = 2rhom, 4Me-gluc A « 4gal,
galf)j\. = 2rham - 4gal, P

Meliaceae Khaya sex‘xtag_z;a.’l.ens:’.s9 +140° 317 gal, rham, gal A, 4Me-gluc A,
galpA = 2rham, 4Me-glucPAa 4oz,

Geraniaceae Pelargonium protectum* +22° 403 xylose (++++++), gal 4. or gluc A(+),

' &e-gluc i, a biouranic acid R__,0,50
=gal
Table 3.
(D) Order -~ Fbenales,
Family Genus Species [u]D equiv, | sugars identified by chromatography
Y ]
Sapotaceae Sapota a.chras“/l - 679 arab, xylose, gluc A, 4e-gluc A.
Ebenaceae Buclea natalensis® -27° 760 | arab(+), gal(++), rham(+), gluc 4,
' 4Me-gluc 4, a biouronic &cid Eg alo' 69,

Table 4,

+3 T -



-13 -

been reported to have an R value of 0,79 in solvent l)hZa, and

Xylose
it is probably different from 2- and 4~0-D~glucopyranuronosyl-D-
xylose which have been reported as having the same B-xylose value of

4L2b

0,32 in solvent b Polysaccharide exudates of Khaya species

from the order Geraniales, have been shown to be type B gums3, but
P, protectum would appear to be much more closely allied to a type C
polysaccharide, possibly with D-galacturonic or D-glucuronic acid

replacing a-D-xylose or P-L~arabinose as terminal unit.

(D) Order - Ebenales, (Table k4.)

Here,the order of the two plants from which the exudates were
obtained is the same, but even with different family and genus one
finds points of similarity between the gums, notably, the equivalent
weights, and the presence of both glucuronic and 4~0-methylglucuronic

‘gcids as components, These two exudates from the order Ebenales
illustrate the danger of using only the equivalent weight and some
of the monosaccharide residues to draw conclusions of structure;

Sapota achras has been shown to consist of a xylose backbone substi-~

tuted with side chains; however the absence of xylose in Euclea
natalensis precludes this type of structure, Although there are marked
similarities between these two exudates, they can hardly be at all

alike in structure.

(E) Order - Leguminales., (Table 5.)

The Acacia species and their chemical taxonomy have been amply

discussed/....



(E) Order - Iegummales.

Family Genus ‘ Species [a]'D ’ equiv, sUgars identified by chromatography
Ieguminosa;e | Zedoia cyanophylla28 ~20° 740 arab('?){ g21(50), rham(18), gluc A(25),
galpa > 5a.rab gluc Aﬁ - 6gal.
Leguminosae | Acdoda | karroso® +54° | 1,660 arab(36), bal(so), rham(Z)',v gluc 4(12),
: ' gal a = 3arab, gluc AB - 6gal,
arag B - 3arab, glug A o= 4gal,
Iegunirogae | Acadia ;mcixisgmz” -49° 1,800 arab(z‘s), gal(58), rham(B), gluc A(B),
: gluc A B~ 6gale
Ieguminosae Adoicia ‘.pycnan‘bha 45y ‘6 ~8° 3,700 ara.béZ‘? ), gal(65), rham(2), gluc A(B),
" galp = 3gal,” a]:‘a.bf - 3arab, glu.cPA B+ 6zal.
Ieguminosae Acacia d'é.tec’:ﬁfim - - arab, gal, rham, glucPAﬁ - Bgal. - )
Ieguminosae Acacia seyal48 #44° | E4500 arab(46), gal(38), rham(S)-f',. gluc A(12.5 ).
Iﬁguminosae Acacia Senegalzzjz"}’z% -280 1,400 arab(SO), gal(5’7), rham(ll), gluc A(14),
' gel... * 3galy gal a - 3arab,
ar‘agﬁﬁ =+ Baraby pglucP_AB = Bgal.:
Leguminosae | Acacia rhemaniana™> +51° 14420 axab(6), gal(4)y ‘rﬁam(o 8), gluc A,-‘
' arab, P+ 3arab, gluc 4 B - 6gal,
_gl'u’chr « > 4galy P
Leguminosae Acacia arebica™’ +43° 1,310 arab(6)y gal(4), rhem(l)y glud A,
' arab B = Sorab, gluc AP - égal,
glucg L o+ 438.1( P
. . 50 ) S ,
ILeguminosae Acacia sundra -29° 980 araby galy rham, gluc Ay glucPA B -+ 6gal,
Table 5,



(B) Ieguminales cont.,

sugars identifiied by chromatography

Famly Genus Species l [ a]D equiv,
Ieguminosae | Albizzia z ygia51 +21° 723
. O o2 o)
ILeguminosae | Albizzia procera +15 -
. f s s .. 83
Ieguninogae | Albizzia glaberrima - -
Ieguminosae | Albizzia flatcrown T -14° 865
- . < oms 54 o
Ieguminosae |Prosopsis Juliflora D.C. +60 1,350
. e s . . 55 e}
Ieguminosae | Virgilia divaricata ~29 2,600
leguminosac |Virgilia  |oroboidesSt -38° {2,100

1 arab, gal, rham, mann, gluc A, 4ie-gluc 4,

arab(6), gal(4), menn(l.5), rham(tr),

gluc A(4), 4Me-giuc A(2),

gal > 3gal, gal = 6gal, gal. B - 3arab,
g,lquAﬁ > 2mann,? 4lie~gluc_Aa Py 4 gal.

arab(4), gal(6), rham(1), mann(tr), gluc 4, I
4Ne~-gluc A, ;

glucPA = mamn, glucPA - gal,
arab(++++), gal(++++), mann(+++), xyloss,
4e-gluc 4, (+), gluc AP - 2mamn,
glucPAa > 4gal, galg + 3arab.

arsb, gal, 4de-gluc 4, 4Me-gluc A - 4gal, |
4Me-g1ucpA - 6gal, 4Me-glucpA Py 3gals

arab, gal, mann, gluc A.

arab(48), gal(38), mann, gluc A(9), 'ﬁ
gal - 6gal, gal = 6gal - 3gal, !
arab_a - Saraba *=> Saraby arab,a = 3arah,
glucp A B - 2mann, glucpA B> 6gal,

S sgrT -

4M-Elucpﬁ > gal,

Table 5. (cont. )

T The author has been unable to obtain the correct botanicel classification for this species?

the exudate was obtained from a tree

locally as Albizzia flatcrown .

growing neer Pietermaritzburg in Natal, which is known
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discussed in the literature, but because they are probabb; the best
exemples which can be used to illustrate the chemieal taxonomic
correlation of the polysaccharide exudat'e with the species of origin,
they will be dealt with in more detail here than species in -other
orders.,

The order Leguminales, family Leguminosae, contains four genera
from which polyseccharide exudates have been:studied, table 5 shows
the constants and components found for ten Acacia species, four
Albizzia species, one exuldsate from the genus Prosopsis, and two
Virgilia species.

It was thought at one stage that polysaccharides from the Acacias
normally ihad negative specific rotations, but with more recent studies
(shown in the table) this gener'a{l observation has not been found to hold.
However, in the constituent monosaccharides and ﬁsaccharides released
on varying degrees of hydrolysis, all Acacia gums show a remarkable
correlation. D-galactose, L-arabinose, L-rhammose, and D-glucuronic
acid are the only monosaccharides found in these polysaccharides,
although there is a wide variation in the relative amounts of galactose
and arabinose. Wherever a biouronic acid has been found in the hydro-

lysates, it is always 6-0-B -D-glucopyranuronosyl-D-galactose, though

in Acacia karroo, Acacia arabica, and Acacia rhemaniana 4-0-a -D-
glucopyranuronosyl-D-galactose occurs as well; the a -link in this
biouronic acid in these three exudates contributes to the positive

rotation of the polysaccharides as a whole The disaccharides 3-

and/. ...
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and 6-0-8 -D-galactopyranosyl-D-galactose have been isolated, both
being fragments of the backbone of the polymer, together with 3-O-a -
]__Q- galactopyranosyl-;—arabino se, 3-0- g -Q—arabinopyrano syl -_;_.,-arabino se,
and 3-_C_)-;rarabinofuranosyl-;-arabinose, all fragments from the side
chains,

Exudates from Albizzia species however show differences from
those of Acacia species; all have 4-0-methyl-D-glucuronic acid as an
acidic component in addition to the D-glucuronic acid found in Acacia
gums and generally have lower equivalent weights, In the new species
studied, rhanmhose is absent whilst xylose appears as a constituent
sugar, This is not common to other Albizzia gums, but the presence
of mannose is; end all four exudates studied have mannose as a major
component, Unlike Acacia gums, Albizzia gums all have 2-0~f -D~
glucopyranuronosyl-—l__?-mnnose as a biouronic acid, as well as 4-0O-a -~

D-glucopyranuronosyl-D-galactose in Albizzia "flatcrown", and 4-O-a -

(4-0-methyl-D~glucuronosyl)~-D-galactose in Albizzia zygia. It is

probable that further investigation of Albizzia procers and Albizzia

glaberrir.if-. will show L-O-methyl-D-glucuronic acid to be the acid
fragment of a biouronic acid, The backbone fragments though, appear to
be the- same as those in Acacia exudates but the galactose - 3arabinose
disaccharide whilst still found as a fragment from the side chains is
now 8 ~linked instead of @ . The Prosopsis gum reported in the
literature is very similar to those from Albizzia though in this case
mannose is again absent from hydrolysates of the gum.

The/‘.f.
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The two reported Virgilia species again show slight changes
from the Albizzia pattern; though still maintaining the basid.
3= or 6-linked galactose structure common to all exudates from the

family Leguminosae, Virgilia oroboides has Xylose as a component

sugar; and $~0 «L-arabinopyranosyl-L-arabinose appears as a new
stmctural feature in the side chain, The biouronié acids isolated
include the 6~0-B ~D-glucopyranurcnosyl-D-galactose common to Acacia
species, and 2-_Q-B —E-glucopyranuronosyl-g-mnnose comon to the genus
Albizzia ,

The various structural units found in the Leguminosae have an
intereé.ting reflection in the closely related Rosaceae exudates,
In this femily, xylose, which appeared as a component sugar in
Virgilia gums, becomes a common fragment of the hydrolysis, whilst
the backbone remmins the same as in gums from the Leguminosae.
D-glucuronic acid reappears as the normal acid component of the gums,
whilst none of the exudates contain L;-_C_)-me&zyl—]__)_-glucﬁronic acid, the
D-glucuronic acid is now linked almost exclusively to ?2) of mammose
(a5 in exudates from Albizzia species) where D-mennose is a .constituent
sugar; ahd to C( 6) of Q-géiadfése 'wh'ei‘e no ménnose is found in thg guam,
The appearance of Lerhamnose in a Piumus gtmzo ; is another link with the
- Acacia exudates; |

Whilst all the gums exuded by plarts from the families ILeguminosae
and Rosaceae contain sim:ilar.backbone structures and are all Type A
gums, the nature of the side chains would appear to be genus specific;

very/....



very close correlation exists between the structures of the exudates
within a genus, Chemically, no distinction can be drawvn between
the two families, e.g. the gum exudates from Albizzia species appear
moxe different from those of Acacia species than from the various

species of Prunus.

(F) Order - Liliales (Table 6.)

Phormium tenax produces a typical type C polysaccharide exudate

with a xylose backbone, and 4~Q-methylglucuronic acid as side chains.

As will be shown later (part 2 of this thesis), Watsonia pyramidata gum

(which occurs inside the corms and not as an exudate) also has the same
type of main chain, but the rest of t he molecule differs greatly. from
the normal type ¢ polysaccharide, Between the two Watsonia species
there are many poihts of similarity; both have the same constituent
neutral monosaccharides, and similar specific rotations, but the exudate

from the seed~boxes of W.versveldii has an uronic acid as part of its

structure, It is more than likely that this difference is determined
by the site in the plant where the gum forms rather than the fact that
the species are different, It would be interesting to compare the

corm polysaccharides from the two species, and, if they are the same or

similar, to examine the hemicellulose which makes up the stem of

W.pyramidata, and the seed-box exudate from the same species.in an
endeavour to find a connection between the three polysaccharides, The
detection of xylobiose and =mylotriose in the hydrolysis products of

W.pyramidata corm~sac polysaccharide lead the author to classify it as

a type/ e,



- (F) Order =~ Liliales.

Family Genus Species [a_]_D_ equiv, |sugars identified by chromatography
Liliccese | Phormium | tenax’C -62° | 880 |xylose(45), gluc. A(42)..
Iridaceoe Watsonia | versveldii* -105°| 2050 arab(+++++), gal(++ )y xy1056(++++), 0
a biouronic acid R ., 0.45.
=gal™*
-]
Iridaceae Watsonia |pyramidata ~80° |ca 20,000 |arab(++), gal(+), xylose(+) .
galy, o> 3arab, xylobiose, xylotriose.
Table 8,
(¢) Order - various.
Order | Fomily Genus Species [a]D equiv, |sugars identified by chromatography
*

Gymnospermales | Cycadaceae |Encephalartos | latefrons | -13° 577 {arab(+)s; gal(++++), mann(tr), xylose(tr),
gluc 4, gluc_AB = 6gal, 3Me-rhan,
gluc. AR = 2Rann,

Agaveles Agavaceae | Agave (%%ri]ganaf -35° | 1,142 érab(++), gal(++), rham(+),

TRata )8 glucPA g =+ 6gal,
Palmales Phoniceae  |Phoenix reclinata* | ~33° | 646 {arab(++), gal(+++), mann(tr), rham(+),
' fucose, gluc 4, glucPA a > 4gal,. -

Bignoniales Pedaliaceae |Sigmatosiphon |gurichii* |-35° |1,393 gal(+++), arab(++), mann, fucose,

gal}2 = Barab, glucDA B - 2mann,

Table 7.
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a type C polysaccharide, and to attempt to determine its fine

structure (see part 2,)

FProm results already published, there isevidence that the
chemistry of the plant polysaccharide exudates shows a correlation
with the genus of the plant from which they originated, The work
reported here, for genera where fewer results were avajlable, confirms
that there appears to be a very close connection when only the genus is
considered. However one must be careful in the interpretation of data
where only monosaccharide components and physical data are being con-~
sidered, It is important in a study of this nature to choose hydro-
lysis conditions such that the maximum number of di- and trisaccharides
| and biouronic acid fragments are obtained; only then can one begin to
obtain evidence that two polysaccharides are structurally similar,

Table 7 lists the four exudates from orders which have not
previously been studied; there is.evidence from methylation studies

in this laboratory however to show that Agave americana is structurally

similaxr to the Acacia SpeCieS5 7. The only other points of interest
in these four exudates, are the presence of fucose {a sugar not often
found in the polysaccharide exudates from higher plants) as a component

of Phoenix reclinata and Sigmatosiphon gurichii, and the presence of

3-0-methylrhamnose in the exudate ffom Encephalartos latefrons. This

last component has also been observed in Encephalartos lorgifoliqgsa s

another species of the primative Cycads.
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EXPERIMENTAL

(A) General conditions. The following solvent systems were used for

paper 'chfomatography on Whatman No. 1 paper (all v/Ar).

(2) butan-1-0l - ethanol ~ water (4:1:5, upper layer),

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

(c) ethyl acetate - pyridine - water (10:4:3). The polysaccharides
were purified by dissolving in water, filtering; and precipitating in
four volumes of ethanol; the precipitates were washed with acetone
and ether and dried for 2 hr, at 76o and 2 cm,Hg. A recent paper5 3

has streésed the difficulty of completely removing solvents. from
polysaccharides without concomitent degradation. In view of this,
drying at 76° will not afford a completely solvent free product, and
this will affect the specific rotation and equivalent weight to a

small extent; the specific rotations are probably slightly higher

than determined experimentally, and the equivalent weights slightly
lower, The equivalent weights were measured by percolating a solution
of the neutral polysaccharide in water through Amberlite IR-120 (HY),
freeze-drying the eluate, and titrating the freeze-dried material

in water with 0,02N-sodium hydroxide using phenolphthelein as indicator,
Unless otherwise indicated, specific rotations were measured in water on
the neutral ethanol precipitated polysaccharide, and hydrolyses were in
sulphuric acid at 960. Where a component has been named, the identi-

fication has been made by running chromtograms in the three solvent

systems/ ...
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systems alongside sugars, available in this laboratory, as standards.
The approximate molar proportions of sugar residues in the hydrolysates
were estimated visually from the chromatograms; in all cases the spray
reagent used to reveal the sugars was p-anisidine hydrochloride6o.

Only the major components observed on the paper chromatograms and
trace quantities of components tentatively identified are recorded

in the main body of the experimental results for each gum, The
number of plus signs following the name of a component is a visual
estimate of the approximate molar proportion of that component.
Components in trace amounts which were not tentatively identified

are added at the end of each section {as R gal values) under the

heading of “other components’,

(B) Specific rotation, egquivalent weight, and major hydrolysis

products of some plant gums.

(a) Mengifera indica I.( Sapindales; Anacardiaceae),

Hydrolysis of the purified gum afforded galactose (++) and
arebinose (+), the smill quantity of sample available wes insufficient
to determine the equivalent weight and specific rotation. Neo uronic
acid was observed on the chromatogram, but this could have been due

to the small amount of material available for hydrolysis.

Rhuy/....
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(b) Rhus viminalis (Sépindales; Anacardiaceas),

The purified gum had[a] [ +11° (¢ 1.6) and equiv., 1005.
Hydrolysis in O,1N-acid yielded galactose (+), arabinose (+), rhamose
(trace), . 3-0- B -D-galactopyranosyl-D-galactose (trace), 6-0-f -D-

glucopyranuronosyl-D-galactose (trace), and glucuronic acid,

- eas e o et e o

(c) Apgave americana var, marginata (Agavales; Agavaceae).

The purified gum on hydroiysis for 5 hr, in N-acid afforded
gelactose (++), arsbinose (++), rhamnose (+), and 6-0-f -D-glucopy-~
ranuronosyl-]g—galactose‘(+), and had [a% -35° (c 1.95) and equiv,,
1142,

QOther components; 0,18 (in solvent a)

(d) Sterculia acerifolia (Tiliales; Sterculiaceae).

The cthoned precipitobad gum, [a]D +72° (¢ 0.59), equiv., 271, was
hydrolysed for 12 hr, in N-acid, yielding galactose {++++), rhamnose
(++++), D-glucuronic acid (++++++++), 4=0- a<D-glucopyranuronosyl-D-
gelactose (+++), L4-O-methylglucuronic acid (+), and possibly 3~0- B -
D-galactopyranosyl-D-galactose, though it is unlikely that this would
survive the above hydrolysis conditions.

Other components; 0.16, 0.58 (+) (in solvent b)

Firmiana/.....
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(e) Firmisna simplex (Tiliales; Sterculiaceae).

The purified gum had [ «] 5 +65° (c 0.5) and equiv., 996. Hydro-
lysis for 3 hr. in N-acid afforded galactose (++++), arabinose (++),
rhamnose (+), galacturonic acid (+), and a bioureonic acid ggal 0.49
(in solvent '_b) (++++) immobile im solventa, and different from
6-0-8 - and 4-O~« -D-glucopyranmuronosyl-D~galactose in solvent b ,
though with a similar colour to 4-0-a -g-gluc0pyranuronosyl—]2-galactose
under ultra-violet light., A portion of the ethanol precipitate

(200 mg,) was dissolved in N-sulphuric acid (14 ml.) and hydrolysed
for 1,5 hr, at 96°, The hydrolysate was chromtographed on
Whatman 3 mm, paper in solvent b and the cémponent ggal 0.49 was
locéted and separated in the usual manner, On evaporation of the
solution to dryness (for 2 hr, at 50° and 2 cm. Hg), a syrup (3.2 mg.)
was obtained [a]D +107° (¢ 0.64). Hydrol;rsis of this syrup (1.2 mg.)
for 3 hr, in _1\_T-s1ﬂ_phuri0'acid at 960, neutralizati_on .g;f the hydrolysate
and paper chromatography, gave galactose, é;nd (probably) galacturonic
acid (in solvents a, b, and 9_). These results indicate that the most
probable structure of the biouronic acid is galacturonic acid a =

galactose ( a because of the high positive rotation).

*

(f) Phoenix reclinata (Palmeles; Phoniceae),

The purified gum [a]y - 33° (g 0.54), equiv., €46, was
hydrolysed for 3 hr., in N-acid, the hydrolysate yielding galactose

(++++++), arabinose (++++), mannose (trace), rhamose (++), fucose (+),
L.'./q L
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L4-0- a -D-glucopyranuronosyl-D~galactose (+), and D-glucuronic acid (trace).
Other components; 0.43 (in solvent a); 0.1k, 0.21, 0.27, 0.32, 0.5k,

-— s e aw e em wm e

0.66, 0.79, 1.35 (in solvent b).

(g) Sigmatosiphon gurichii (Bignoniales; Pedaliaceae),

The ethanol precipitate(al D -35° (¢ 1.1), equiv., 1393, was
hydrolysed for 24 hr, in 0.1N-acid and gave galactose (++++++),
arabinose (++++), mannose (+), fucose, 3-0-D-galactopyranosyl-L-
srabinose (trace), and 2-0-B -D-glucopyranuronosyl-D-mannose (++).

Other compornents;  nil,

(h) Pelargonium protectum (Geraniales; Geraniaceae).

The purified gum had [ « ]D +22° (c 1.02) and equiv., 403.
Hydrolysis for 32 hr. in 0,1N-acid afforded xylose (+++) as the only
non-acidic component, galacturonic acid or glucuronic acid (+),
L-0-methylglucuronic acid, and a component staining red on the

chromatogram, having an R value of 0,63 :;in solvent b, R

gal =xylose

0.43 in the same solvent and being immobile in solvents a and g;
this component was present to the extent of approximately two nolar
proporti'ons, and was probably a biouronic acid with xylose as the

reducing unit.

- e am s weters -

(1) Euglea natalensis (Bbenales; Ebenaceae).

The purified gum[a]D -27° (e 1.04), equiv., 760 #as hydrolysed
fOI'/...o
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for 6 hr. in N-acid giving galactose (++++), arabinose (++),
rhamose (++), 4-O-methylglucuronic ac¢id (+), glucuronic acid, a

neutral component R 2,0k (in solvent a), and an acidic component

gal
staining red on the chromtogram and having Eg ol 0.69 in solvent Y.
Other components; 0.46 (in solvent a); 0.15, 0.25, (in solvent b)

() Albizzia "flatcromn" (Leguminales; Leguminosae)

The ethanol precipitated polysaccharide had [a] D -14° ( ¢ 0.5)
and equiv,, 865, Hydrolysis of the polysaccharide for 6 hr, in
N-acid yielded galactose (++++), arabinose (++++), mamnose (+++),
rhamnose (+), xylose, 4-O-methylglucuronic acid (+), 4~0-a -D-glu-
copyranuronosyl-D-galactose, 2~0- g —2-glucopyranuronosyl—_l_;-mannose,

a component R 1.83 in solvent a (staining red), and 3-O-D-gelacto--

gal
pyranosyl-L-arabinose (trace).

Other components; 2.72 (in solvent a); 0.25 (in solvent D).

(k) Encephalartos latefrons, (Gymnospermales; Cycadaceae).

The parified gum [a]] -13° (¢ 1.51), equiv., 577, was hydrolysed
for 20 hr. in 0,5N-acid giving galactose (++++), arabinose (+), mannose
(trace), xylose (trace), 6-0-B -D-glucopyranuronosyl-D-galactose (+),
2-0- B -D-glucopyranuronosyl-D-mannose (ti‘ace) , and 3-O-methylrhamnose.

Other components; nil

(1) Watsonia versveldii (Liliales; Iridaeae).

The ethanol precipitated gum from the polysaccharide found in
the/ [
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the seed-boxes of the above plant had [a] D -105° (c 0.91) and
equiv,, 2050, Hydrolysis of the polysaccharide for 18 hr, in
N-acid gave galactose (++), arsbinose (+++++), xylose (++++), and

a biouronic aCid'Ega 0.45 (in solvent b) (++), and different from

1
619-[3-Q-glucopyranuronosylég—galactose, L~0-2 -D-glucopyranuronosyl-
Q-galactose, and 2-0- B ~D-glucopyranuronosyl-D-mannose in solvent b.
Qther components; nil

(m) Watsonie pyramidata (Liliales; Iridaceae).

The ethanol precipitated pblysaccharide from the guﬁ found in the
corm~-sach had[a]D -80° (¢ 0.4) andeuiv,, ca., 20,000, Hydrolysis
of the precipitate for 6 hr. in 0.1N-acid afforded galactose (++),
arabinose (++++), xylosé (++) aﬁd components chrometographically
identicel (in solvents g, b, andig) with 319-¢x—Qigalactopyranosyi-
I-arabinose, xylobiose, and xylotriose. The chromatograms showed no

trace of acidic components, either as free acid, or as biouronic aeids,

Apart from the above polysaccharides, exudates from the following
plants were investigated but found to be non~polyseccharide in
character:

(1) Pittosporales Pittosporacese Pittasporum undulatum

(ii) Pittosporales Pittosporacese Pittasporum tobira

(iii) Asterales Compositae Othonna merielpad

(iv) Asterales Compositae Qthonna hovia

(V)eene
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(v) Asterales Compositae Othonna hertia

(vi) Asterales Compositae Euryops spathaceus

(vii) Liliales Liliaceae Sansevieria zevlanica

The last mentioned exudate was found to contain a mixture of'glucose,
sucrose, and fructosé probably e xuded by'dfnatural mechanism for

losing excess sugar. |
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DISCUSSION

- Many different polysaccharides have been evolved by plants; as
the structural building materials, as reserve food materials,and as
gum exudates from the higher plants., The first group, the building
materials, consists of twoclosely related types of polysaccharide,
the hemicelluloses and cellulose, Both are normally found closely
associated with lignin, possibly covalently bonded6l. The second
group, the reserve food materials, consists mainly of starch, whilst
the third group, the gum exudates, would appear to be produced in
order to seal off wounds on the exterior of the plant to prevent
infection, and to allow new healthy tissue to be built up under the
site of the injury. Part 1 of this thesis has dealt with a cross-
section of this last type of polysaccharide, It is immediately
noticdable thatwhireas there are many possible hexose and pentose
sugars only a few of these are used in building up the polysaccharides
associated with land-based plants. In these polysaccharides one
normally finds two or more of the sugars L-rhamnose, D-galactose,
L-arabinose, D-glucose, D-xylose, D-glucuronic acid, D-galacturonic
acid, 4-0O-methylglucuroric acid, and 2~manhose, with more rarely
D-tagatose (in exudates from Sterculia species), L-fucose (in gum
tragacanﬂ%l), and L~galactose (in maize-hull hemicellulose62 and
linseed mucilage63),

One of the largest groups of plant polysaccharides are the hemi-

celluloses/ ve..



celluloses, so0 called because of their close association with cellulose
in nature, Often the term has been applied only to polysaccharides
which are insoluble in water but soluble in alkaline reagents; this

~ however, ignores the similarity in chemical structure between water
soluble and water insoluble hemicelluloses, This is possibly not the
best way of classifying these polysaccharides, A classification ’
similar to that used for gum exudates, where the types and positions
of the sugar residues and their mode of linkage are taken into
account would seem preferable. The hemicelluloses are part of the
fibrous cell-walls of the plants and as such form one of the basic
building units of the stem, Structurally they may be classified

into four main types based on basal chains of mannose, galactosec,
glucose, and xylose,
Hemicelluloses containing more than 95% mannose are rare, and

in fact the only substantiated cases are the two mannans from

Phytelephas macrocarpa (vegetable ivory)6)+. These two polysacchari-

des named mamman A and mannan B appear to be chemically identical,

but to have diffeerent molecular wéights. Hence if one considers

the chains to be linear, methylation end-group assay studies have

shown mannan A to be of the order of 10 - 13 units long, and

mannan B 38 « 4O units long65. A closely related group of
hemicelluloses are the glucomannans, which form about half of the
hemicellulose fractions from coniferous woods. The preferred structure

would appear to be a linear chain of 8 - A4-linked mannose residues

interrupted/....
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interrupted occasionally by L4~lirked 8 -D=glucopyranose; there is
evidence to suggest that the. glucomamnans from Norwegian ‘spruce:are

branched6 6 .

With the galactans and arabinogalactans however, the linear
chain appears to be the exception., The only linear chain
polysaccharides known in this group are both composed of 8 - 4-
.dirked galactose only, which is in itself unusual, as where the back-
bone is composed of galactose residues they are normally linked
B > 6or B -+ 3, The water soluble arabinogalactan isolated
from larch wood has been well investigated, As early as 1898
Trim‘ble67 reported its existence and numerous workers have followed
up this report through the difficulties arising from the heterogeneity
of the polysaccharide and methylation, to the proposal of its structure
by White in 194268; since then many reports using results obtained
by more modern techniques have been published modifying this structure,
Even now, 67 years after the initial steps were taken, it is doubtful
whether the structure of the repeating unit has been finally elucidated.
This then is a good example of the arabinogalactan, a highly-branched |
polysaccharide with a backbone of 8-+ 6 and f- 3-linkedgalactose and
arabinofuranose residues linked directly to the galactose. In some
cases these arabinofuranose residues in turn are linked through C( 3)
to the glycosidic carbon of an arsbinopyranose terminal unit, It is
69 ,70,

worth noting that, apart from the g >4~linked galactans no

galac‘tanS/. ose e
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galactans have been isolated which do not contain arabinose .

The glucans which occur in the cell-walls of plants are normally
cheins of B = 4-linked glucose units, though in some cases § > 3-
linkages do occur in thebchain. On methylation and hydrolysis barley
P -glucan gives equal proportions of 2,3,6- and 2,4,6,~tri~O-methyl-
glucose, and it appears that in this polysaccharide B - 4 and B -» 3-
linkages are present in equal améunts71. Part of the water soluble
?olysaccharide found in the grain of cereals is usually a glucan,

but apart from these polysaccharides, glucans are normelly found in

the lower forms of plant 1life such as lichens and secaweeds.

The last large class of hemicelluloses is that in which the basal
chain of the polysaccharide consists of B = 4-linked xylose residues.,
72

In this group a polysaccharide extracted from esparto-grass' ™ and

73

another from Tamarind seeds ~ are unique in that they contain no

sugar residues other than xylose. Most of the xylans, whilst having
many branch-points, do not carry side chains more than three sugar
units long and do not include xylose residues in these side chains, thus
giving a molecule with an unbranched xylose backbone, An authentic
branching of the xylose backbone has been shown to occur in wheat-straw
hemicellulose, which, when autoclaved in distilled water, gave a
branched xylose oligosaccharideY#. These points illustrate one of

the main difficulties encountered when dealing with hemicellulose

polysaccharidesj;the lack of homogeneity of the polysaccharide extracted

fron/ttooo
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from the parent material. The xylan and the arabinoxylan from
esparto<grass were finally separated only be repeated fractionation
as the copper c:omplex72 under very mild conditions. The general
picture wﬁich has emerged of the xylans from land~ based plants is
that of a molecule always having a basal chain off = 4-linked xylose
residues linked together linearly, though in one case the basal chain
is branched, Attached to these basal chainsare short side.chains
containing up to three residues; these side chains have been shown
to contain Irarabinose, L~ or ]__)_'-galactose,‘ D-glucuronic acid, and
4-0-methyl-D-glucuronic acid as an integral part of the molecule,
The simplest type of xylan, is that in which the arabinose residues
are p;‘esent as single unit, terminal arabinofuranose side chains.
This type of structure is common amongst the xylans isclated from
cereals and grasses, These same xylans however, do on occasion
have D-glucuronic acid or 4=0-methyl-D-glucuronic acid attached as
side chains., Structurally the xylans with single unit side chains
may be represented by the partial structure I75, and this is

typical of the simpler type of xylan molecule.
(1> 4)= B DWA(1 > ) =(8 DKL) (1 > b) =B DRy (1> 4)-

3 | 2(or 3)
|

L-Arac=1 (LF—Me)a—g-GPA—‘I'

1

I/...



- (1> 4)-BDXL, - (1> 4)- (BRWL), - (1> 4)-BR-KL, = (1> 4)-p-DXyL - (1> 4) -
3 -3 =3 P
1

Lrhra;, 1 | ' GluPA 1

B-R-Xy1 - (1 = 2)-Lrara, 1

i

3( or 2) 5

- (7 4) Byl - (1> 4) -pDWyL, - (1> 4) ~BDXyL, - (12 4) -
' 2

g—Araf 1

—gg—
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In those parts of the cereal plants associated with the grain
(i.e. cobs, husks, and hulls), the xylans tend to be more complex.
One of the least complex of this group is the xylan found in barley
husks76.where not all the side chains are single units of arabino-
Efurénpse or glucuronic acid but are occasicnally 2-0- B -D-xylo-

;;yranosyl—gfarabinofuranose linked to 0(3) of a xylose residue in
the basal chain., The partial structure II jllustrates this type
yéf xylan, ‘Mbre complex is the hemicellulose from maize-hulls,
Both D- and.g—-galactose occur as terminal non-reducing end—groups77,
the L~galactose being linked through xylose and arabinose to the main
backbone ovf' the molecule in the form of the trisaccharide unit
O-L-galactopyranosyl=(1 - 4)-D-xylopyranosyl-(1 - 2)-L~arabinose.
As in previous examples, the glucuronic acid residues are found as
single unit side chains, This group is characterised by its multi-
plicity of side chain structures 'but t here is no evidence to suppose

"that one xylose residue in the basal chain has more than one side

chain attached to it,

In the gums extracted from the grain of cereals, L-arabino-
furanose is found as single unit éide chains but, in this instance,
xylose residues in the tesal chain e found with both C(py and c'( 3)
of the xylose substituted with terminal arabinofuranose, though
substitution on orly 0(3) still occurs., Whilst these @lecﬂes are
simpler than the preceding type, they are evidence of a new type of

xylan structure III75 .

The/ooo'



- (1~4) -fDxyL - (1~ 4) -pDXyl_ ~ (1 ~>4) -p-D-Xy2 ~ (1 > 4) ~
P - 2 P - P

D-Gu 4-(4 » 4)-B-D-Xyl
D-Glu A-(1 > 4)-B-D-Xyl, 1

paA

= (1> 4) -B-DXyl - (1 >4) ~B-D¥yl - (1 > 4) -B-D-Xyl =~ (1> 4) -
= 9P = 9P = jo

T 4Me-Gu A 4
a-__Q—XylP (orB-e_;;-Araf) 1 P

a-g—){ylp—(or B—%—Araf)—GluPA 1
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The xylens from hard and soft woods, whilst having the normal
Xylose backbone, only occasionally have arabinofuranose in the side
chain but the main difference is that all have single unit side

chains of 4-Q-methyl-D-glucuronic acid,

There aretwo examples amongst the plant exudates which have

been examined of polysaccharides with a basal chain of - 4-linked
78

xylose residues., They are the gum exudates from Phormium tenax

for which partial structure IV has been proposed, and from Sapota achrasu"

(structure V), both of which have been classified by Stephen and
Schelpe3 as Type © gums.

On considering the different types of xylan from land-based
Plants discussed in the litei'ature, marked similarities emerge
vhich mey be stated as:

(a) in the basal chain the xylose is always linked B~ &,

(v) arabinose always occurs as arabinofuranose, whether as the
terminal unit in & side chain or as a non-terminal side chain unit,
(¢) the basal chain of most xylans is unbranched,

(d) when ‘galéctose occurs it occurs as non-reducing end groupj

(e) npeutral xylans are limited to the cereal gums,

(f) ‘because of the predominance of B -D~xylose linkages most xylans

have high negative specific rotations,

(g) if arabinofuranose occurs in the side chain linked directly to
the xylose backbone ;nd as a non-terminal unit, it is of'ten linked

through 0(2) to the glycosidic carbon of the next unit in the side chain,

Iv...
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In the present research the gum from Watsonia pyramidata (Andr,)

Stapf has been investigated in detail. Corms from the flowering

plant Watsonia pyramidata (Andr,) Stapf were collected during

Mexrch 1963, and Maerch 1964, The plants had been growing wild for
| meny years without annuel division of the corms although, in South
Africa, the Watsonia species are also grown as cultivated plants,
Inside the corms of these Watsonias a polysaccharide was occluded in
sacs rumning transversely through the corm, By studying the corm
through a full year's cycle it was egtablished that the gumw as at
a maximum in February or March (late summer) just prior to the
beginning of new stem growth, the. amount of gum falling off rapidly
as the new stem was built up. By May the conﬁ-sacs had become very
small, and they contained no gum. With the formation of new corms in
the ensuing months the sacs once more enlarged and filled with the
polysaccharide., One of the major points of interest was the very
smll amount o.f‘ starch in the corm, and it would appear that the poly-
saccharide is in fact the reserve food material of the plant perform-
ing the fﬁnction norma.lly associa‘l;.ed with starch,

Attempts by Dr. A. Polson to measure the sedimentation constant

79

of the polysaccharide’”, showed that a 0.05% "solution"® in water

of the material was not a true solution, and therefore no sedimentation
data could be measured. This was unfortunate, as it had been hoped
to use this data in conjunction with the diffusion coefficient to

obtain/...

t The author will throughout this discussioh refer to solutions of
Watsonia corm polysaccharide, though in actual fact what is meant
is a colloidal solution,
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obtain the molecular weight of the gum, as has been previously

achieved in the polysaccharide field with Virgilia oroboides gurjﬂ.

Precipitation of the gum with ethanol affords a fibrous precipitate
which,when redissolved in water, even in concentrations of O.lg. per
100 ml, gives an extremely viscous solution. This could be indica~-
tive of a long basal chain with little , if any, branching of the
mein chain, and certainly iﬁdicates that the molecules tend to

be long rather than sphericel, This point is further strengthened
by the electron micrograph of the corm polysaccharidego which shows
long molecules interspersed with a number of small spherical particles.
An estimate of the volunes occupied by these two types of molecule
indicate that the spherical type constitues about 10% of the mixture.
The background of the micrograph is too broken and the resolution is
insufficient to pick out the finer structure of the molecule, but
there‘ is a suggestion of helix formation not_iceable in the molecules

on the left of the micrograph.

Attempts to fractionate the ethanol precipitated gum into two
or more polysaccharides, either containing the same sugars in different
proportions, or with different sugar residues, were singularly
unsuccessful, The most meaningful result in the fractionation

experiments/.,.

Pacing page: electron micrograph of Watsonis polysaccharide.
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experiments was that obtained by using a molecdiar sieve of cross~
linked dex£ran gel (Serhadex)., Utilising Sephadex G,50 as a frac-
tionation medium, two polysaccharide fractions were eluted from
the column, indicative of polysaccharides of differing molecular
weightal. The same experiment using Sephadex G.25 afforded only
one component, All three fractions were found to have the same
sugars as components in the same ratio to eachother, According
to the specifications for these two grades of Sephadex this would
indicate that the lower molecular weight fraction of the poly-
saccharide had a molecular weight between 5,000 and 10,000,

The ratio of high to low molecular weight material is 9 ¢ 1 in

the Sephacdex fractionation,

Other methods of fractionétion proved to be confusing.
Fractionation with DE&E—cellulose did give two fractions, one
eluted at 6.0 and the other at fHlL.0; the second was heavily
contaminated with an uninvestigated non—carbohydfate material,
Duolite AL chromatography gave two fractions similar to the above .,
As the corm polysaccharide contained no uronic acid one would not
expect Duolite A4 or DEAE-cellulose to fractionate the material &
all under the conditions used. The low equivalent weight of the
second fraction from both these media indicates that the contaminant
was acidic, but as no acid was used in the ethanol precipitation it
mast be assumed that this contaminant is due either to an acid or

salt/...
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salt, insoluble in ethanol, and present in the corms. As the
amount of carbohydrate in the minor fractions was low (0,74%

6? the total polysaccharide on the column fbr Duolite Au), and
due to the high viscosity of the solution of the gum in water
and resultant difficulty of fercolating the gum solution through
"the chromatographic mﬁdia, the polysaccharide used for structural

investigation was the original ethanol precipitated material

(Fraction 4).

For ease of reference, the repeating unit which is tentatively
proposed for Watsonia corm polysaccharide (VI) is presented on the
facing :page. In this discussion the experimental results will be

followed by the results caleculated from this model structure.

Total hydrolysis of the polysaccharide afforded galaectose,
arabinose, and xylose in the molar ratio 1 : 3.5 : 1.42 (model:
1 : 3.86 : 1,43), an unusual although not unknown constitution
for a xylan, in that the xylose content is much lower thanvthat of the
arabinose, The same type of comgiitutionisfound in the xylan
2,83

isolated frqm.wheat—brans s wWhere arabinose is found as the major

sugar residue,

Partial hydrolysis of a polysaccharide is undertaken in order
to obtain as wide a range of oligosaccharides as possible, In
1930, Khhnau predicted the theoretical yield of an n-membered
fragment from random degradation of a uniform linear macromolecule,

' , this/ve.e..
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this yield of n-mer being equal to ncxz (l—lz)nyl, where n = number

of sugar residues in the fragment and a = the degree of scission,

“He further showed that the maximum possible yield of n-mer occurrcd
when a = 3?5‘1. The main difficulties in attaining this theoretical
yield are that oligosaccharides once formed are further degraded
during the hydrolysis and the lack of randomness during the degrada-
tion., As the polysaccharide from'Watsoﬁia corms contains more than
one sugar residue, application of these theoretical methods is not
possible but Painter, applying the expressions of XKuhn, has obtained
high yields of oligomers, and prevented their further degradation
during hydrolysis by using dialysis to remove the smaller molecules
from the reaction mixture85. Although Painter used enzymatic
degradation to produce the oligosaccharides, fhere seems to be no
reason why the principle of his method (the removal of oligosaccharides
after their formation) could not be adapted to the Watsonia poly=-
saccharide hydrolysate.‘ At various times the hydrolysis was inter¥-
upted by reutralizing the acid, and the high molecular weight material
was removed by precipitation with 80% methanol, This precipitate

was further hydrolysed, and the low molecular weight saccharides
separated as before, Repetition of this process four times afforded
four syrups contairing a wide range of low molecular weight oli-
gosaccharides in yields large enough to allow comﬁlete characterisation

of each and a precipitate presumably of higher molecular weight oli=~

gosaccharides, After column chromatography of the material seluble

ir/....
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in 80% methanol after 7 hr, hydrolysis, the monosaccharides galactose
and arabinose were characterised in the normal way, whilst the first
disaccharide eluted from the column was ckﬁ'bmtogramically identical
with a sample of 3~0-a -D-galactopyranosyl-L-arabinose prepared

from carboxyl reduced Acacia cyanophylla gum, 3-0-D-galactopyrano-

syl-L~arabinose has been isolated before, as the P-linked disaccharide

from gum Ghatti7 and the gums of Albizzia zygj.a.5 1 and Anogeissus

schimperi:_]'o, and as the a-linked disaccharide from Arabic aqid22 (as
two heptamethyl derivatives), gum Arabic Ture. variety85 % (as a syrup),

and Acacia cyanophylla gum28 (as a syrup). Whereas the -linked
o7 o 10
2

disaccharide had been crystallised (m,p. 202 - 203
o 51

, 204 - 205
200 - 201 ) and has a specific rotation variously reported as being
between +60 and +67°, the u-linked disaccharide had not been isolated
as a crystalline compound.

The syrupy disaccharide obtained from Watsonia polysaccharide
was shown to have galactose and arabinose as the sugar residues,
whilst the elegant technique developed by Hough and his cwmrkoxe?e,
whereby the phenylosazone of the disaccharide is oxidised with perio-
date ion, was used to determine the position of linkage of the |
disaccharide, As hydrolysis of the phenylosazone had yielded galactose
as the only sugar, arabinose must have been present as reducing end-
group, The preparation of the osazone rules out C( 2) of the arabinose
moiety as the position of linkage, whilst the absence of a precipitate

of mesoxalic dialdehyde 1,2-bisphenylhydrazone on periodate oxidation

proves/...
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rroves that the arabinose is not linked to the galactose through

C( Only if the link is to C( can any formaldehyde be formed

()" 3)
(theoretically 1 mol) from the oxidation. As experimentally 1,01
mol. was obtained, it would appear that the phenylosazone is in
fact that of 3-0-a -j_Q_-gaiactopyranosyl—]__;-arabinose (3-0-a -D-
galactopyranosyl-L-ribosazone VII), This was confirmed when com-

pared with an authentic specimen of the phenylosazone, as identical

X-ray diffractograms and infra-red spectra were obtained.

CH,0H
o 0 Hi:N—-NHPh
=N-~NHPh
OH ]
S—
HOCH
OH ]
CH,,0H
Vit

The high specific rotation of the syrupy disaccharide (+ 182°)
is characteristic‘ of an q-link between t}‘_xe arabinose and galactose
residues, whilst the downward mutarotation shown by the crystalline
disaccharide (+ 202 -~ +1980) is indicative of the arabinose group

being more in the B -than the a~ form,

Lead tetrafacetate oxidation of the disaccharide followed by
borohydride reduction afforded crystalline 2-0-a -Q—galactopyranosyl-
L-erythritol, a compound which, accepting that the disaccharide was
galactosyl-arabinose, could only have been produced from 3-0-a -D~

galactopyranosSyl-/...
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galactopyranosyl-L~arabinose,

The concomitant release of 2,3 ,1.,.,6-tetra-—9'—'méthylgalactc>se and
2,4-di~-0-methylarabinose on hydrolysis of the methylated disaccharide
indicated that in the isolated disaccharide the arabinose and
galactose residues were both present in the pyranose form, though

later, methylation studies on the polysaccharide will show that, as
in other xylans, the arabinose occurs in the polymer as arabinofuranose.
It would appear that the disaccharide is thus 3-0-a -g-galactopyranosyl-

L-arabinose (VIII).,

CH20H
HO 0 ?HO
OH H?OH YIil
0 CH
EO :éH
OH ICHZOH

The disaccharide was crystallised from methanol solution,
apparently without any water of crystallisation; specimens dried
at 100° in vacuo, and at room temperature in vacuo, had the same
percentages of carbon and hydrogen. An unusual point was that, although
the two specimens had identical melting point, the X-ray diffractograms
a;rxd infra-red spectra of two crystalline preparations from alivquots
of the same syrup were not identical. In the infra-red spectra

the/. ...
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the only difference in the positions of the peaks was that one
preparation had absorption at 796 cm.-l; otherwise all the absorption
maxima were at the same wavelength, Peak heights relative to the
general contour of the spectrum did vary somewhat between the two
batches of crystals, +this however, is a phenomenon which has been
described before for the infra-red spectra of samples of sucrose
having differing degrees of c:ystallinity87. Absorption at 849 cnufl
in both batches indicated B-anomer88(of L-arabinopyranose). The
- differences observed in the X-ray diffractograms were probably due
td:£Wo different crystalline phases being present. One can accept
this as'being a correct interpretation of the facts, it must
be emphasised that chemically no differences could be found in the
two preparations, and the melting point of a mixture of the fwo sets
of crystals (which each hed m,p. 156.5 - 157.50) was undepressed,

89

Application of Hudson's rules of isorotation @ to the disaccheride
confirm both the a-link and an arabinopyranose reducing group as

illustrated below.

Molecular rotations used were,

a ~-methyl-L-arabinopyranoside +2,800
f ~methyl-L-arabinopyranoside +40,300
a ~methyl-L-arabinofuranoside -20,500
B ~methyl-L-arabinofuranoside +3,300
a -methyl-D-galactopyranoside +38,000
B ~methyl-D-gelactopyranoside +194

T/ eee
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To find the A and B values for arabinose the sbove values are
substituted in the equetions 24 = [M], - Duljand 28 = [, + [,

thus one calculates the #alues to be,

for arsbinopyrcnosils A = =18,750

B = +21,550

and for arabinofuronosids A = 11,900
| B = = 8,600.

Substitution of these respective values of A and B for arabino-

pyranoside and amblnoﬁzranos:.de in the equatlon

eB +Aara.

[4]a; coc0. =00 arp )MeDgalp
gives the molecular rotation of the &-anomer of the disaccharide,

and substitution in the eguation )
B - A

[M]disacc. =[M]( o orf )Meggalp+ ara ara
gives the B -anomer of the disaccharide, The specific rotation is’
[¥] disacc.
then celeulated from the equation [a] D = “mol e Calculated

values from the above equations' give the follow:mg specific rotatioms
for the four possible disaccharides (assuming that the methyl glycoside

rotation is.very little different from that of the disaccharide).

- (1) 3-0~a -D-galactopyranosyl-L-arabinopyranose
+131°
+251°

1

@ - snomer [a] D

f - anomer [a]D

(11i)/eens
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(11) 3"_(2-'5 *Q-galaotopyranosylg-;,jambinopyranose

o ~ancmor[ @] = +10°
B -anomer [ a] D = +130°

(iii) 3-0- CL"2'8&1actopyra’nosyl-_I__,-oxébinofuranose
a-anomer [a]D = + 56°
p-anomer [a] D= +132°

(iv) 3-Q- B-D-galactopyranosyl-L-arabinofuranose
- | a-anoner [a] D= " 650
=+ 11°

B-anomer [a]

From these results it may be seen that 3-0-a-D-galactopyranosyl-
L-arabinopyranose is the only form of the disaccharide in which
the equilibrium specific rotation could be +198° (the specific

rotation of the crystalline disaccharide).

The second oligosaccharide eluted from the column was shown to
;:onsist of two mols, of arabinose and one mol., of galactose. Boro-
hydride reduction of the reducing group, and partial hydrolysis
afforded arabinose, 3-0-a —Q-galactopyranosyl—__I_;-arabinose, and
arabitol, whilst partial hydrolysis of thev original trisaccharide
yielded galactose, arabinose, and 3-0-a -D-galactopyranosyl-L~arabinose
only.‘ It is clear from these results that the trisaccharide is made
up of the disaccharide previously discussed (possibly with the
arabinose in the furan;)'se form) linked to another arabinose residue
which is a reducing unit. The fast rate at which arabinose is

hydrolysed/...
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hydrolysed off this molecule in 0.0lN-sulphuric scid would indicate

that the non-reducingarobinosc umi% is in the furanose form.

Periodate oxidation studiés on the borohydride reduced tri-

- saccharide have shown that 1,06 mol. of formaldehyde was produced
‘during the oxidation., Only if the C( 2)? C( L)’ or C( 5) hydroxyl groups
of the arabitol were involved in glycosidic linkage would one mol.

of formaldehyde be obtained.. If the link was through the C( 3)
chydroxérl group; “two mol, of fofnxaldehyde would be produced.

The link through C(h) was regard;d as unlikely as the fast rate at
which the trisaccharide is hydrolysed from the parent polysaccharide
is indicative of the reducing arabiflose unit having been in the.
furanose form, A linkage through the hydroxyl on C( 5) was considered
more likely but one would have expected to find ethylene glycol as

a product of oxidation and reduction. This was not found in an
hydrolysate of the reduced periodate oxidised material; however,
under certain circumstances ethylene glycol, due to its volatility,
has been found difficult to detect ‘in srmall quantities., A link to
the non-reducing arabinose through the hydroxyl on C( 2) pf the arabitol
seemed the most likely position, though at this stage experimental 7
results did not rule out C(b—) and 0(5) as the positions to which the
rest of the molecule could be attached. The appearance of arabinose
in an hydrolysate of the reduced oxidised reduced trisaccharide is
vhat one would expect, as the disaccharide portion of the molecule

will give only glycerol, from the fragment containing C( L)’ C( 5)

and/,...
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and C( 6) of the terminal norr—redﬁ,ging gaelactose group; oxidative
cleavage having taken place between the w-glycol systems on C( 3)

and G(,y, and G,y and C(5), With the release of one mol. of formic

(3
acid, Further formic acid (one mol.) would be produced from cleavage
of the “—’glyco'l systems on 0(5), Cv(q), and C(j) of the arabitol
group. Experimentally, the amount of formic acid determined was
1.9 mol., presumably made up of one mol, containing C( 3) of the gaJTe:lc_:—

tose unit and one mol confaining C( L) of the arabitol. The reaction

is formulated in IX,

X
0 . o C‘JE?JOH
H?_:l
0 oo
: HOCH - HCOCH
HOHZC . T G -
OH CH2 HCHO

- - - - periodate attack

Metlﬁylation of the syrup afforded a product with z specific
rotation of +41°, whilst hydrolysis of this product yiclded 2,3k, 6~
tetra-O-nethylgalactose from the terminal non-reducing galactose

group, 2,5-di-O-methylarabinose from the non—r_educing arabinose
‘residue, a iarge amount of 3,4-di-O-methylarabinopyranose and a small
amount of 3,5-di-0O-methylarabinofuranose., The presence of 2,5-6:1-.

O-methylarabinose is confirmation-of the suspected furanose character
of/& LI N ]
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of the non-reducing arabinose unit as C( 5) carries a methoxyl g,rmlp
The appearance of both 3,4~ and 3,5-di-O-methylarabinose residues
shows that in the methylated syrupy trisaccharide a mixture of the
furanose and pyranose forms of the reducing group exists, This is
-brobably the reason why attempts to crystallisé the original tri- |
'saccha.ride from a variety of solvents were unsuccessful, The

fact that these two methylated sugars do appear in the hydrolysate
of the methylated trisaccharide confirms that tholinkage position
to the reducing arabinose is through C( 2) and. it would appear thaf
the trisaccharide is Q- a -D-gelactopyranosyl-(1 * 3)-O-L-arabino-
furanosyl-(1 - 2)-1__,—arabihose (X), with the arabinose in either

the furanose or pyranose form.

20H
0 (IJHO
HO
0 H(E——-J
H 0 HO?H

HOCliH

CHZOH

OH

£

An a~link from the nbnt—reducing arabinose to the reducing

arabinose unit is indicated by the drop in the equilibrium rotation

from that of the disaccharide ([a]D +198°%) to that of the trisaccharide
([al p* 670) . . Although Hudson's rules of isorotation take no account
of the linkage positions, they provide a reasonsble method of checking

the configuration of glycosidic links, Application of these rules

to/ o
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to the trisaccharide tended to confirm that the link joining the
twoarabinose residues was a but certain assumptions had to be made.
The main one being that furanose and pyi'a.nose forms of the arabinose
reducing group were present in the original trisaccharide in much
the same ratio as they were in the methylated ma‘berial , and a
second, that the position of the linkage made a negligsble c;ntri'-

~ bution to the molecular rotation. With these provisos in mind,

the following specific rotations for the four possible .trisacchz.arides

were calculated using the equation . ' '
' + Ay, (for the.aranomr)

[Nﬂ‘ﬁ'risacc = (1 disace (& orf anomer)® Bora (for the Banomer) -
, - 2

The molecular rotations used were the same as those used for the
disaccharide with the addition of the two Whichwére calculated for
3-0-a ~P-galactopyranosyl-L-erabinofuranoside ([M] disace P the for-

mila). Application of these figures gave the following rotatioms:

(1) (}al:p « » 3 Araqa-> 2 AraP , a~anomer [a]‘D =+ 46°
B-anomer [z ], = +130°

(ii) Galpa + 3 Arafﬁ »>2 Arap a-anoﬁer [a]D =+ 99°
| Branomer [a], = +184°

(iii)Galpoc ~ 3 Ara, a »2 Ara, a-anorer [a ]D == 7°
. 8-anomer [a Jn = 4 ZEZ‘;O

(iv) Galpa >3 Ara, B +2 Araf a~-anomer [x JD =+ 47°

B-anorer [a ]IJ = +108°
" The specific rotation of the trisaccharide ( +‘67°) lies within the

limity/....
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limits of either (i) or (iv)'but if the pyranose form predominates,:
as has been assumed, the @-1ink as in (i) is the most likely. The
presence of small quantities of a-linked arabinofuranose (as in iii)

would lower the equilibrium rotation slightly from a maximum of

. +1.30O and a minjmm of +460 making 67O closer to the centre of the

range, VWhilst this application is not as éccurate as when used for
the d%ﬁéccharide, the rulesqpf isorofation do still seem to give a
reasonable method of caigﬁiafing theoretical specific ragtations for
a trisaccharide,

Further elution of the column produced vwhat appeared to be a

‘homologous series of xylose oligomers as the relationship

[iog L _]-1 vs suspected degree of polymerisation proved to be a
line;;g?iﬂ;tioé¥) The components of t his fraction were not identified
but added to the material chrbnatographed on the second charcoal /
Celite column., Elution of this column afforded the same components
as before, with the addition of xylose, which was characterised in

the normal way, and also a disaccharide and a trisaccharide both

containing xylose as the only sugar residue.

The phenylosazone of the disaccharide had a melting point 12°
higher than that reported in the literature for the phenylosazone
of xylobiose, However, periodate oxidation of this phenylosazone
yielded 1,06 mol, of formic acid per mol, of the disaccharide
rhenylosazone, no formaldehyde, and no precipitate of mesoxelic

dialdehyde/....
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dialdehyde 1,2-—'bisphenylhydrazone; These results are strong eviaence
that the two xylose residugs were linked 1 - 4 to each other,

The specific rotation is close to reported values for the -~ 4~linked
xylopyranosyl-xylose, and final confirmation of the structure was
obtained by preparing the acetyléted disaccharide and measuring its
rotation and melting point (which hwaé undepressed on admixture with
an authentic sampl_e.) . The disaccharide is thus A-Q-G*Q_ﬂwlopyr-

anosyl-D-xylose (XI). .
= HO

: |
H(l)OH
| O\Hoié
OH K
HO | CH,OH
OH

The trisaccharide afforded only compound XI and xylose on mild

IS

acid hydrolysis. Crystallisation of this fraction and mixed melting
point of the crystals proved it to be 0~f -]__)_-rxylopyranosy1—(l > 4)-
0-f D-xylopyranosyl-(1 » 4)-D~xylosc (XII). The structurc of the
trisaccharide was also confirmed by cbrjparison of its octa-acctate with
an authentic sample,

(lJHO

H(lIOH

o— sz

OH HC

|
GH,CH

oH OH



Finally, elution of the column with 80% methanol afforded the
homologous series of xylose oligomers from xylotetraose to xylchep-
taose, These were identified by paper chromatography, the spots
obeying the mathematical relationship previously stated; hydrolysis
yielded 1ower. oligomers of xylose and xylose as the only products., In
all probability this partial hydrolysate contains the 8 1 ~» L4-linked

series of xylose oligomers isolated by Whistler from corn-cob xylan9l

and Bishop from wheat-straw hemicellulose74.

A second reason for degrading the original polysaccharide by a
series of hydrolyses was to remove as many of the side chains as
possible, leaving the basal chain intact, After hydrolysing four
times, this appears to have beon achieved, as a-dpgraded polyssccharide
insoluble in water but soluble in dilute alkali (a characteristic
feature of xylans which are not highly substituted) was isolated,

On hydrolysis this polysaccharidev though showing no galactose and
only traces of arabinose was found to give rise to small amounts of
glucose as well as the major component, xylose., The glucose probably
came from starch which must have been contaminating the polysaccharide
throughout the hydrolysis., As only mild conditions of hydrolysis had
been used it was unlikely that starch molecules which consist of
glucopyranose units would have been seriously degraded., It must
be emphasised that this glucose containing fraction was about 0.2%
of the total polysaccharide which was hydrolysed and no glﬁcose was
‘isolated from the chronxatograplai¢ separation, Methylation and then

' hydrolysis/s.es
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hydrolysis of this mixture of two polysaccharides afforded 2,3,k
tri-0-methylxylose (1 part), 2,3-di-O-methylxylose ( 8 parts ),

2,3 ,l,6-tetra~O-methylglucose (trace), and 2,3,6-tri—_Q-methylglucose
(trace), The 2,5~di~0-methylxylose confirms the 1 = L~linked xylose,
Bhilst its ratio to that of 2,3,4~tri-O-methylxylose indicates that the
. average length of the basal chain after degradation is nine xylose
units, though as gas-liquid chromatography was used to ca.léulate the

molar ratios these figures must be regarded as only approximate,

The yield on column chromatography of the partial hydrolysates
of Watsonia polysaccharide was only about 508, lower than would be
expected., Calculation of the amounts of arabinose, galactose, and
xylose eluted from the column and comparison with that originally
found in the polysaccharide showea that a large amount of xylose
had still to be accounted for, In view of the small weight of xylose
oligomers recovered, there is a possibility that, under the conditions
used oligosaccharides of higher degree of polymerisation than seven
may be irreversibly absorbed onto the charcoal and not eluted with

70% methanol .

The paﬁiﬂ hydrolysis of the polysaccharide has shown that the
basal chain of the Watsonia gum consists of - L4-linked xylopyranose
residues substituted with O~ ¢ -D-galactopyranosyl-(1 - 3;-0-@ -L~-
arabinofuranosyl-(1 = 2)-L-arsbinose and, although some of the di-
saccharide 3-0- a-D-galactopyranosyl-L-arabinose undoubtedly arises

from side chains of the trisaccharide by hydrolysis of the furanose

lin.-oo
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linic between the twoarebinose residues, some is probably linked

direct to the xylose chain, The appearance of both these saccharides
during _the ea;f}y'st_aggs of a relatively mild acid hydrolysis indicates
thet the reciucing énd group ineach is probebly in ﬁhe furanose form,
whilst the absence of saccharides longer than three sugar residues

is an indication that three could be the maximum nunber of sugar
residues in a side chain, It is interesting to note that the ara-
binose réducing group in the trisaccharide is joined to the next

sugar residue in the molecule through C( 2) a mode of linkage not
uncommon in the xylans, c.f, E—Galp—(l - 4)42—Xy1p—(1 - z)-;-

Ara from mpize fiba:'eéz. The high proportion of arabinose released
on mild acid hydrolysis is indicative of a large proportion of the
arabinose in the molecule occurring in $hm form of single unit furanose
side chains, as there was no ewiridence of any arabinose disaccharides

being released during the hydrolysis,

Normally Haworth's method of methylation requires a high aqueous
‘concentration of polysaccharide. As Watsonia polysaccharide was only
soluble in water to the extent of ca.0.3%, this method was not very
successful, However, it was found that much higher concentrations
of polysaccharide could be‘ obtained by homogenizing the material in
aguecus sodium hydroxide (at 40 in an atmosphere of nitrogen); the
normal Haworth procedure then worked very satisfactorily, as a product
was obtained from a slngle methylation step with a methoxyl content

of 36,8% (higher than that usually obtained when the polysaccharide

i5/e..
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is dissolved initially in Watei‘) . There are of course. inherent
dangers in using this mefhod. The main one being that alkali degrada-

tion can take place from the reducing end of the basal chain, To keep
this degradation to a minimuﬁ;dﬁmathyl sulphate was added to the

- reaction mixture as soon as possible in order to methylate the
glycosidic hydroxyl group on the reducing residue, and stop the

'formation of saccharinic acids. In a later part of the discussion,

it will be shown that most of th_e xylose residues, if not all, have

the G,y position substituted, Thus alkali degradation could not

have taken place to any significant extent,

. Further methylation by the methods of Kuhn and Purdie proved
satisfactory and afforded a product with a methoxyl content of
37.5%6. The use of dmethylformamide in the Kuhn methylation pre-
sented some difficulties, as higher temperatures (ca. 70°) than it
is advisable to use with polysaccharides had to be:employed to remove
the last traces of dimethylformamide, Although no degradation appeared
to take place in this case, it is probably better, if the polysaccharide
is soluble in methyl iodide after methylating by the Haworth procedure,
to methylate directly with Purdie's reagents. This would also obviate
the step of removing the dimethylformnide-sﬁ.lver iocﬁde. complex, a
procedure which may prdve trouble soxﬁe. The Kuhn procedure was nof
omitted in methylating the Watsonia polysaccharide, but the high
methoxyl contentaf'ter the initial methylation, and the fact that

Kuhn methylation raised the methoxyl content by only 0.3%, and
the/...
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the similarity of the infra-red spectra in the <~OH region where
little absorption occurrcdaftcr ¥nlm or Purdie methylation, indicates that

omission of the Kuhn methylation mey heve been justified in this case,

Hydrolysis of the fully methylated polysaccharide afforded
2,3,5-tri-0-methylarabinose, 2,3,4, 6—tetra-_O—methy1 galactose,
3,5-di-0-methylarabinose, 2,5-di-O-methylarabinose, 2,3,6-tri-

- O-methylgalactose, 3-0O-methylxylose, 3-O-methylarabinose, and
xylose. As demethylation can take place during ithe hydrolysis of
methylated polysaccharides, especially when the initial hydrolysis
is with formic acid’?, it is advisable to modify the method
normally used. The methylated polysaccharide was found to be soluble
in 15% formic acid in N-sulphuric acid, and this was the hydrolysing
agent employed, In the light of further investigations (see page 67 )
it is impossible to account for the 2,3 ;6-tri-9-methy1ga1actose
which appears in an hydrolysate of the methylated gum, Whilst this
could arise from the demethylation of 2,3,4,6-tetra-O-methylgalactose
during hydrolysis, it is known that the axial hydroxyl group at C( i)
of galactose is difficult to methylafe. A certainqamount of demethy-
lation undoubtedly does take.place as the same sample of methylated
polysaccharide gave differing amounts of 2,3,6-tri-O-methylgalactose
relative to the other methylated monosaccharides when hydrolysed with
different reagents. The most 2,3,6-tri~O-methylgalactose was found
in the hydrolysate when hydrochloric acid was used as the hydrolysing

agent, a not surprising result when one considers that hydrobromic

aCid/. s e
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acid, also a halogen acid, is used as a demethylating agenté_o.

The absence of apy arabinose with the hydroxyl group on € (%)

methylated coupled with the absence.of 2,3-di-O-methylarabinose

(c(@ or d(S) as a link position) is a final pro#if that all the
arabinose in the gum is in the furanose form: If one accepts

that the 2,3,6-tri—Q-methylga.1actose 'is produced by undermethylation
or demethylation, all the galactose residues occurring in the original
polysaccharide are present as ﬁon—reducing end groups, This is as
would be expected from a Study of other galactose c;c__Jntaining xylans,
The isolation of 2,5- and 3,5-di~-0O-methylarabinose from the methylated
gum confirms that in the original polysaccharide the non-terminal
arabinofuranose residues were linked through C( 3) or C( 2) respectively.
The unusual point which einwrges from thé methylation investigation of
the polysaccharide is that. at least92.5% (these figures are calculated
from the molar ratios presented in Table 313, page 110) of the xylose
in the original gum is resistant to methylation. The other 7.5% of
the xylose is found in the hydrolysate of the methylatéd gum as
3=0-methylxylose, indicating that either a.rabinofu;‘anose (probably

as single side chains) has occasionally been removed from its
point of attachment at C( 2) of a'xylose. residue during the methylation,

or that in fact sometime; C( 2) on a xylose residue carries no
‘substituent, Cl;he 3-0O-methylarabinose and 2,k ,6-tri-O-methylgalactose
each constituting less than 1% of the products of hydrolysis are quite

Ppossibly due to under-~ or demethylation and may a% the present stage
be/...
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be ignored in building up a structure for the polysacchar;‘n.de. 2,3,5=
tri-O-methylarabinose and xylose were recovered from the hydrolysate |
in e qual molar proporfions , indicating that in the original gum‘ each
xylose Iiesid;le in the basal chain had an averége of one arabinofuranose
group attached as a single unit side chain, An interesting point

is the absence of xylose with the C ) hydroxyl group methylated.,

(&

As this would be produced only at the non-reducing end of the basal

chéin, that is assuming that the chain is not ’cefminated by arabinose

~ or galactose, the émc,un’c found may be used as a measure of the length
of the molecule, which, subject to the provision made, is consequently

high. Though no upper limit can be given, 0,2 residues of 2,4,6-
tri-O-methylgalactose were detected in 41,2 sugar residues (see

Table 15)i.e. one residue per 206 residues, Thus one would expect

to be able to isolate a similar quantity of a methylated xylose.

The fact thatimone was detected either by cellulose colurgn chroma~
tography or gas-liquid chromatography presumably means that, if the
tefminal group on the basal chain is xylose, the polysaccharide molecule
contains at most only one xylose end group per 206 sugar residues,

The amounts of sugar residues isolated from the hydrolysate of the
methylated polysaccharide have shown this to correspond to a basal
chain length of at least 50 xylose residues. The amounts of methyl
sugars and sugars found experimentally were (with the amount calculated
from the proposed model in parenthesis); 2,3,5-tri-Q-methylarabinose

10,0 (12), 2,3,4,6-tetra-O-methylgalactose + 2,3,6-tri-O-methylgalactose
. 7 '35/. L AL 2



7,? %(7), 2,5~di~0-methylarebinose 6f5 (8), 3,5+d3-Q-methylarabinose
6.2 (7), 519-methylxylose 0.75 (1), xylose 10.0 (9). These figures
represent good agreement between theoretical and practical results,
though approximately five residues ofzarabinose are missing for every
ten xylose residues in the basal chain., This could well be due to
handling losses, as 2,3,S—trifg-ﬁethylarabinose especially is known to
be volatile to a certain extent and could have been lost during the
evaporation of the eluting solvent after colum chromatography. This
loss of arabinose is reflected in the ratio.(calculated from the yields
of methylated products) galactose; arabinose s xylose which was found
tobe 1 3,08 : 1,46 (1 : 3.86 : 1.43)., An attempt was made to use
gas-liquid chromatography to separate and identify (against standards)
the methylated sugars and it was found, in agreement with other workers,
that this is an excellent means of identification of the components.,
Quantitative gas=liquid chromatographic analysis was abandoned,
(a) because the unmethylated xylose could not be eluted from the ocolumm
under the conditions used and (b) because of e xtensive demethylation
of the 2,3,5~tri-O-methylarabinose during methanolysis, Possibly
acetylation of the remaining hydroxyl groups in the methanolysis
products from the methanolysed polysaccharide, and gas-liquid
chromatography on a mixed polar and non-polar liguid phase, would
give a better idea of the gquantities of the ummethylated xylose and
moﬁonethylglycosides released on methanolysis., Fully acetylated

methylglycosides have been satisfactorily separated by this nethod?za.
It/l-l
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It will be obsesrved that the total airabinose contents found by columm
chromatography and gas-liquid chromatography of the methylated poly-
saccharide are very similar, There appears to be more dimethyl-
arabinose and less trimethylarabinose in the products from gas-
liquid chromatography. This phenomenon has been observed for other
methanolysed methylated polysaccharides containing arabinose non-

reducing end group57

and it does not seem possible at the present time
to put the quantitative analysis of compléx methylated polysaccharides
by gas~liquid chromatography onto a sound basis, when a flame~ionization

detector is used,

In any méthylated polysaccharide, the number of methylated end
groups should equal the number of branch points in the molecule,
Excellent agreement was obtained in this methylation experiment which
afforded 17,2 end groups for 20,75 bfanch points, as against 19 to
19 respectively for the model structure, The number of groups in the
chain which were neither branch points nor end groups was found to be

12,7 (15).

The investigation on the methylated polysaccheride has shown
that most of the xylose residues in the B-» L-linked basal chain.
are substituted on both C( 2) and 0(3), a type of structure which has not
been observed before in a xylan; occasional double branching of a
xylose residue in the backbone has been shown to occur in wheat

endosperm hemicellulose% where positions C( 2) and C(j) of the same

xylose/...
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xylose residue were each substituted with a single unit side chain of
L¥arsbinofuranose, In view of the successful methylation of the de-
g}'aded polysaccharide from the partial hydrolysis investigation

A see page 57) which proved to be a chain of xylose residues, it is
thought highly unlikely that Watsonia polysaccharide could in fact
be a mixture of an arabinogalactan and a pure xylan resistant to
methylation, as much the same methylation procedures were used for
each case, The unmethylated xylose recovered after methylation

of the ‘poly‘saccharide affords proof of the branch points in the
molebqlg 3 these are essential as no other brénch points had been
found to ‘prdvide .points of attachment for the arabinose and galactose

in the side chains,

Confirmation has been obte}ined for the earlier assumption that
in both S-de -.-2-gdactopyranosyl-?arabinosea:n.d O a ~-D~galactopyrano-
_syl-(_l > 3)=0-a -]='_,~arabinofuranosyl-(l @ 2)-L-arabinose isolated
fr_omvthe partial hycdrolysis mixture, all the reducing erabinose was

ariginally in the furanose form.

Indications are that, if the basal chain isterminated by a
Xylose residue, the minimum length of the polysaccharide is about 50
xyiose units containing a total of 206 sugar residues, The fact
that most of the xylose residues "ca_rry side chains on C( 2) and C(j)
would make the polymer resistant to alkali degradation during the
initial sages of the methylation,

Analytical periodate oxidation of the polysaccharide over 15
days/a.ee.
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days indicated that the polysaccharicie consumed O.44 mol of periodate
and released 0,087 mol of formicaeid per 100z, of gum; the icoretical
figures from the model are 0.425 mol and ‘O;]j.o mol respectively.

After three months oxidation the periodate consured was 0,515 mol.

Periodate oxidation of a large amount of polysaccharide however,
produced anomolous results, as after 14 days the periodate consumed
was 0,864 mol, per 100 g. of polysaccharide., As the concentration of
reriodate was higher in this bulk experimént the t wo experiments are
not strictly comparable, though one would expect the consumption of
periodate to be the same for each when all the g -glycol systems had
been cleaved, This discrepancy izi the bulk experiment was presumably
due to non-Malapradian oxidation occurxingz; or as the reaction solution
was unbuffered there was a slight chance that glyceraldehyde was being
hydrolysed from the molecule by the formic acid produced, and consuming
ﬁlore periodate ion in cleaving the a ~glycol system so formed, leading
to a loss of glycerol when the oxo~polysaccharide was reduced and
hydrolysed; in fact a loss of glycerol did occur (see page . 67 ).
Both of these reasons could fit the facts which have been found. A
second bulk experiment (not reported in the experimental section) showed
a break in the curve of priodate consumed vs time of oxidation.
This has been interpreted as being the true consumption of periodate
to cleave all the a -glycol systems in the poly‘saccharide94.
This break occurred at a periodate consumption of 0,51 mol,/100 g., a

figure/....
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figure in much better agreement with that found in the analytical
experiment, This point, is probebly the point at which Malapradian

oxidation ends,

The normal method of removing borate ion after borohydride

reduction of the oxo~-polysaccharide is, after removal of sodium ioms,

to evaporate successive portions of methanol from the préduct. This
method has the disadvantage that t emperaturés abové ambient temperature
are used, an inadvisable procedure if it can be avpided. This
éfifficulty was circv;lmvented with Watsonia reduced oxo-polysaccharide

by passing it in concentrated solution through a colum of cross-
linked dextran gel (Serhadex £.25medium gréde). This new technique

was found to work admirably, affording a polysaccharide fraction
completely free from inorganié ions and a fraction containing borate
ion, virtually no carbohydrate, and no glycerol or other polyol.
Hydrolysis of the reduced oxo-polysaccharide afforded xylose, arabinose,
and glycerol in the ratio of 10 : 14 : 7 (therodel mempuires10 : 15 : 19).
At no time during the bulk experiments was the presence of threitol in
the hydrolysate detected, which confirms the assumption maede earlier
that the 2,3,6-tri-O-methylgalactose in the hydrolysate of the methy-
lated gum was in fact due to under~ or demethylated 2,3,4,6-~tetra-
O-methylgalactose; galactose linked througrh C( 1) and C( %) must give
threitol on periodate oxidation and subsequent reduction. |

Smith degradation95 of the reduced oxo-polysaccharide gave

glycerol as the only polycl and a small amount of arabinose which was

showry/ ...,
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shown to be almost entirely in the free form and not bound to a
glyeitol residue. Results from Smith degradation experiments must |
thus be carefully interpreted as it would appear that the glycosidic
links of arabinofuranose residues may te c¢left during hydrolysis in
cold sulphuric acid. Apart from the glycerol and arabinose, which
were soluble in 96% éfhano’l', 'an‘insolubié residue was recovered which
was shown to consist of xylose and arabinose in the ratio 10 : 14,2
(model requires 10 : 15). Methylation of this material and subsequent
assgy of the hydrolysis pfoducts separated firom paper sheets showed
the following components in the approximate molar ratios given
(components identified by gas~liquid and paper chromatograph:}):
2,3,4=tri~0-methylxylose 1,0 (1), 2,3,5~tri~0-methylarabinose
9.3 (9, 2,5-di-0-methylarabinose 1.0 (1), 3,5-di-O-methylarabinose
5.6 (°), 2,3-di-O-methylxylose 1.5 (2), 2- and 3-O-methylxylose
5.1 (5), xylose 3,0 (2). Use of these results gives a ratio of

xylose to arabinose of 10 :15° (model requires 10 : 15).

If the basal chain is terminated by xylose at the non~reducing
end, the molar proportion of terminal xylose to non~ te-
rminal xylose indicates that the approximate length of the basal chain
after one Smith dgradation is 10 xylose units, The number of end
groups in the reduced oxo-polysaccharide (10.3) compares well with
the number of bramch points (11,1). A further attempt at using
gas-liquid chrometography for a quantitative study of methylated

polysaccharides again fajled, and it was once more observed that
whilst/....
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whilst the emount of 2,3,5-tri-O-methylarabinose was too low, the quantity

of di-Q-methylarabinoses was too high.

The recovery of 3 mol, of xylose from the hydrolysate of the
methylated reduced oxo-polysaccharide (the hydrolysate contained 10,6
mol, of xylose in various forms per 26,5 mol. of suger residues) .
indicated that after one oxidation and reduction of the polysaccharide,
28% of the xylose residues still had Side chains on 0(2) and 0(5)
whilst the recovery of 5.1 mol., of 2- and 3-O-methylxylose showed that
the same material had 48% of the xylose residues with a side chain on

either 0(2) or C( ) but not on both., Due to the presence of 1,5 mol.

3
of 2,5-di-0-methylxylose, one may assume that the reduced oxo-
polysaccharide has about 14% of the basal chain unsubstituted,

these residues were presumably substituted on 0(2) and 0(3) in the

original polysaccharide by L~arabinofuranose end groups.

Further periodate oxidation of the ethanol insoluble naterial
from the Smith degraded gum showed a periodate consumption of
0.37 mol. per 100 g, of degraded polysaccharide, which is in
excellent agreement with the figure of 0,395 calculated from the pro-
posed structure., Borohydride reduction of the oxo-Smith degraded
polysaccharide and hydrolysis, afforded xylose,arabinose,and glycerol
in the ratio 6.8 : 5.1 : 6.0 (model requires 7 : & : 13). Smith
degradation of the meterial yielded glycerol and a glycosyl-glycitol
from the ethanol soluble material, and xylose and arabinose in the

ratio 7,1 : 4.9 (model requires 7 : &) from the ethanol insoluble
material/.....
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material, As glycerol was the only glyecitol found in the total
fydrolysate, it cante assumed that a glycosyl-glycerol is present,
probably with xylose as the non-reduciﬁg sugar residue, If the
glycosyl-glycitol is indeed xylosyl-glycerol, this would indicate
that xylose did exist in the original polysaccharide with single
unit side chains on both 0(2) and C(})’ both these residues being
destroyed during the first oxidation and Smith degradation. This
would leave C(2) and 0(3) on the xylose molecule open to periodate
attack during the scond oxidation, Smith degradation then affording
xylosyl-glycerol. The recovery of glycerol from the second Smith
degradation is indicative of further arabinofuranose end groups in
the molecule, which could arise only from side chains which were at

least two units long in the original polysaccharide,.

If the proposed structural model is correct, a further oxidation
and Smith degradation of the insoluble material mentloned above shoudld
break down the polymer to a2 maximum of four xylose units carrying no
side chains, with concomitant release of glycerol (7 mol.). The small
quantity of material available after wo oxidations and Smith degradations
in ‘this periodate study precluded this being carried out. If, after a
fourth periocdate oxidation and Smith degradation of the polysaccharide
(which had contained only xylose after three degradations), xylose
wa.s still present in the hydrolysate, this could only mean that, unless
some of the side chains were origimally more than three sugar residues

long, the xylose backbone was branched with respect v xylose and was not
linear/.»o
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1

linear, At no stage in this investigation has there been any evidence
to show that some side chainsare more than three units long, or that
the basal chain is branched, though there are no experimenfal results

which prove that this is not the case,

It is possible that at average intervals of ten xylose units in
the basal chain, a residue of arabinofuranose replaces xylose. This
would explain the xylan with average lenpth ten xylose residues which
appeared during partial.écid hydrolysis and during periodate oxidation;
this explanation in the light of published work on xylans seemsg;however,
unlikely. A more reasonable explanation would be that on an average of
every ten xylose residues in the basal chain, the stereochemistry of
the molecule becomes such as to create a strain, thus weakening the

glycosidic link,

The low recovery of glycerol in both Smith degradations presented
a major problem in the analysis of the polysaccharide by periodate
oxidation, There are twowaysin which this compound 00uid7have been
lost, (a) during the periodate oxidation as previously discussed
or (b) during evapérétion of solvents from the glycerol, As the .
amount of arabinose and xylose produced is the expected amount, the

low glycerol recovery is attributed to loss of glycerol rather than

to an incorrect model structure,

Structurally Watsonia polysaccharide aprears to have many simi-
larities with xylan hemicelluloses (see page 38 ). The basal chain

consists/...
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consists of g 1 - 4-linked xylose residues, there is no evidence to
show that arabinose is present in the pyranose farm, and galactose
would appear to be present only as a terminal end group in the side
chains, Though the presence of some 4-linked galactose in the side
chains must not be 'completely discounted at this stage, periodate
studies do however indicate that this is not the case, The poly-
saccharide has, in common with other xylans, a high negative specific
rotation and would appear ”to have an unbranched basal chain, although
the latter point has not been finally proved. The arabinofuranose
residue linked (presumebly) direct to the xylosé chain has been shown
to be linked through 0(2) to the glycosidic carbon.of the next
residue(«__ar'abinose) in the side chain, again a common occurrence aMEst

polysaccharides of the xylan type.

The absence of any uronic aéid in the Watsonia polysaccharide is
a point of difference from hitherto examined xylans, Apart from
the cereal gums, 2ll xylans have been found to contain D-glucuronic
acid and/or 4~Q-methyl-D-glucuronic acid. However, the main point of
difference lies in the almost complete substitution of the hydroxyl
groups on 0(2) and C(j) of the xylose in the g 1 -~ 4=linked basal
chain by side chains; a type of structure which has never been

reported in the xylan series of hemicelluloses or in the type C gums.

Thus whilst Wateonia polysaccharide is closely allied to the
xylan hemicelluloses, its function would not appear to be the same;

though structurally it is much more similar to this group of poly-
- saccharides/,..
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saccharides than to the type C gums.

- The main outstanding structural feature which has not been
proved is the direct attachment of the arabinofuranose groups to the
basal chain, Due to the ease of hydrolysis of this furanose link, the
best method to adopt would be to degrade the molecule with an enzyme
preparation, This has succeeded in similar circumstances, vwhen a
hemicellulase from Myrothecium verrucaria96 was used to obtain
the fragment O-(a orf )-;;—arabinofuranosyl—(l » 3)-0-8 -D-xylopyrano=-
syl=-(1 - h.)-]g-xylopyranose thus proving arabinose to be an integral

part of the molecule,
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Biologically, the occurrence of a polysaccharide in the corm-

sacs of Watsonia pyramidate is a point of extreme interest, The
virtual absence of starch in the corm and the disappearance of the
polysaccharide during ‘the growing period of the plant, is strong
evidence to support an assumption that this material is in fact the
resexve food supply of the plant, If this is the cese, then
Watsonia polysaccheride should be classed neither as a hemicellulyse
nor a gumexudate but as a mucilage. It has properties in common
with mucilages, outstanding amongst these being the tendency to

form colloidal solutions ih water,

Salep mannan was one of the first neutral mucilages to be
examined in detail, and has been shown to consist of a linear

135 s structurally very

polymer of 1l—» Lj-linked mannose residues
similar to the mannan hemicelluloses. Salep mucilage obtained from
the powdered tubers from Orchidacese appears to bear a similar
relationship to mannan hemicelluloses as does Watsonia polysaccharide
to the more complex xylans., It is interesting to note that if
Watsonia polysaccharide is a mucilage it is unusual in containing
large quentities of D-xylose; most neutral mucilages consist of
D-galactose and L-arabinose. The polysaccharidefrom Watsonia
versveldii seed-boxes is almost certainly a mucilage, and like most
seed-box mucilages contains a uronic acid (probably galacturonic

acid as in other seed-box mucilages) and has the same sugar components

136

as the mucilage from Plantago arenaria ~ . A comparison of the

chemistry/.....
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chemistry of any seed-box mucilage which may be found in Watsonia
pyramidate with the corm polysaccharide would be an investigation

of great interest,

The insolubility of Watsonia corm polysaccharide in water raises
an inferesting point; for the gum to leaﬁe the corm—sacs, as
presumably it must bo be used as a reserve food supply , osmosis
through the sac-walls will take place, Unless the polysaccharide
is soluble in water this is not possible, However, possibly the
polysaccharide undergoes some type of enzymatic degradation to
solubilize it. The extraction of this enzyme -syst'em from the corm
and its use in degrading the polysaccharide in vitro, whilst probably
an extremely difficult and tedious task, would be well worth attempt-
ing to obtain é. better understanding of how this reserve plant food
- is utilized. Comversely, the polysaccharide must be built up
inside the corm-sacs from smaller units, presumably through an enzyme
catalysed reaction, Starting initially with glucose, through uridine
5~( ¢ -D-glucopyranosyl pyrophosphate), and uridine 5-(D-xylopyranosyl
pyrophosphate) to the xylose backbone, It has been shown by isotopic
labelling that the xylose in a xylan originates from the firstfive

137

carbon atoms of D-glucose™ ‘., It has also been shown that L-arabinose

138

can be incorporated into a xylan by an enzymatic reaction™ ~, and

presumably in the same way D-galactose would also be incorporated.
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EXPERIMENTAL

(A), Gemeral conditions. Paper chromatography was carried out on

Whatman No.l paper with the following solvent systems (all v/v):

(a) butan-1-0l - ethanol -~ water (4 : 1 ¢ 5, upper layer), (b) ethyl
acetate - acetic acid - formic acid - water (18 : 3: 1 : 4), (c) ethyl
acetate - pyridine - water (10 : 4: 3), (d) butan-l~0l - acetic acid ~-
water (2: 1 : 1), (e) propan-2-ol - acetic acid— water (7 :. 1:.2),
(£) butan-2-one - acetic acid ~ saturated aqueous boric acid (9 : 1 : 1),
(g) butan-2-one ~ water azeotrope, (h) toluene - ethancl - water

(270 s 30 2 1). Paper ionophoresis was carried out for 4 hr, gt
107/em. in 0,2M-borate buffer’at pH 9.2. Rgay, Rg and My refer to
rates of movement relative to galactose, 2,3,4,6—tetra—9_—methylglucopy-
ranose, and glucese respectively. Infra-red spectra were measured with
a Unicam S.P. 100 instrument, whilst d-spacings in crystalline materials
were measured with a Philip’s Model FW 1050 X-ray diffractometer

( CoX @ and Cu-K @ radiation). Gas-liquid chromatography was carried
out on a Backman GC-2RA instrument, using helium as carrier gas, with a
4~foot column of ethylene glycol succinate (14% oﬁ 80 - 100 mesh Gas
Chromosorb W)Q8 at 166°, and a flame ionization detector, Retention
times P were measured relative to 2,3,4,6~tetra-—9—methy1-ﬁ-2—gluco—
pyranoside., Unless otherwise stated (a) solutions were concentrated at
40° and 20 mm. Hg in a rotary evaporator, (b) specific rotations were
measured on aqueous solutions at 93_.20°, (e) melting points are un-
corrected and (d) sugars were revealed on paper chreamatograms by

spraying with the p-anisidine hydrochloride J;eagenteo and assayed by

the/...
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fraction C‘ (3.6 g.),lalp -88° (e 1.14), equiv., 17,000 (Found: sulphated
ash, 4.62; Ac,0.04; OMe, 0.3; N, 0,5%).

Portions of each fraction were hydrolysed, the products being as
followss from fraction 4, arabinose (3), xylose (1), galactose (1);
from fraction B, arabinose (1), galactose (2), glucose (6); and from
fraction C, arabinose (3), xylose (1), galactose (1). The proportions
in brackets are visual estimates of mols. based upon paper éhromato—

graphic comparison with standard mixtures of sugars (solvents a,b, and _c_:_).

(ii) Fractionation of Watsonia corm polysaccharide. A solution of the

gum in water was converted to the " acid® form by passing it through a
column of Amberlite IR-120 (H') *; after concentrating to a 1.36%
solutibn, this was used for all subsequent fractionation experiments,

(a) Ethanol fractionation. Ethanol was added to a portion of the

above solutlon to obtain gradient precipitation of the polysaccharide.
A1l the polysaccharide was precipit’ated between ethanol concentrations
of 65 and 70% yielding a fibrous precipitate which, after drying (for
4 hr. at 56° and 2 cm. Hg) had[a) D ~78°% (¢ 0.25) and equiv,, 20,300,

(b) Cetyltrimethylammonium bromide ("Cetavlon') fractionationl®,

®letavlon® gave no pre'cipitation‘from the aqueous solution of the gum
at pH 7 but when the gum solution (25 ml, containing 340 mg. of gum) was
added to an equal volume of borate buffer at pH 8.51Oghd the mixed
solution poured into a 5% solution of "Cetavlcn' (25 ml.) a fibrous

precipitate was formed immediately. This was kept ;f’oz" 1 hr., centri-

-

!
—fuged/...¢....

* A product of Rohm and Haas Co., Philadelphia, U.S.A.
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fuged, washed with water, redissolved in 2N-acetic acid, and poured
into ethanoi to precipitate the polysaccharix.ie.l This was washed
successiv‘ely with ethanol and ether and dried in vacuo at 18° for

3 days; when a white powder (320 mg.; | 94% of original),[a] D ~78°

(9_ 0.27), equiv., 21,000, was obtained, The pH of the ce'ntrifﬁgate
was then raised by the addition of N-sodium hydroxide; a further
precipitate was formed between pH’s 11.0 and 12,0, After being
centrifuged and dried in vacuo, the dry precipitate (10.3 mg.; 3% of
original) was recovered as described above[a ]y ~74° (¢ 0.51), equiv,
20,500. The. pH 12.0 supernatant liquid gave a negative response when
assayed for carbohydrate. Hydrolysis of the two fractions gave arabinose,
Xylose, and galactose in respectively equal amounts,‘ in the same ratio
as that in the hydroly_sate of the original fraction A.

103
(¢) Diethylaminoethyl=-cellulose (DEAE) chromatography. A portion of

the gum solution (dontaining 180 mg. of polysaccharide) was made 0.005M
with fespect to phosphate buff‘er pH 6.0 and added to the top of a column
(28 x 3.3 cm.) of Whatman® DEAE-cellulose powder buffered with 0.005M -
phosphate buffer pH 6.0. The carbohydrate solution eluted by the same
buffer was treated with anion and cation exchange resins, precipitated
with ethanol (4 volumes) and dried (for 4 hr., at 56° and 1 mm.Hg)‘yield
98 mg. (55%) of original),[a] 5 -78° (g 0.28), equiv., 20,900 (Found:
sulphated ash 0.12%). Stepwise elution up to 0,25M-phosphate buffer
pH 6.0 gave no further carbohydrate but gradient elution with sodium
hydroxide/.....

* A product of W. & R. Balston Ltd., Maidstane, England,
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hydroxide gave a further small f"rac‘clion eluted with O,5N-sodium hydroxide.
This latter fraction was treated with Amberlite IR-120 (H') to remove
sodium ion, precipitated by ethanol, and dried, yielding a product

(38 mg.), [*¢]p =7° (c 1.2), eouiv., 600 (Found: carbohydrate 5%).
Hydrolysis gave arabinose, xylose, and galactose only from Both fractions,
in the same proportions as in the original fraction A. In the secund
fraction, there was no indication of any uronic acid which would héve

been expected in view of the low equivalent weight,

(d) Anion-exchange chromatography. ' Duolite A4 * , being granular,
hadsuperior flow characteristics to IEAE-cellulose, After small scale
experiments had been performed, the optimum loading far a column of
Duolite A4 (OH.‘) was found to be 0.73 mg.gum / ml, of resin but in order
to reduce the quantitydf resin used, a loading of 1.35 mg. / ml. was
used and found fo be satisfactory. The polysaccharide (2.7 g.) in water
(800 ml.) was passed through a column (62 X 5cm. ) of Duolite A4(OH™)
and the fraction eluted with water was collected, evaporated nearly to
dryness, and added to four volumes of ethanol. The precipitate formed
was washed with ethanol and ether and dried (for 4 hr, at 56° and lmm. Hg)
yielding a powder (2.58 g.) [a] p -74° (¢ 0.15), equiv., 18,900 (f‘ound:
sulphated ash, 0.0%). Materialstill remaining on the column was eluted
with 0.5N-sodium hydroxide, deionized on Amberlite TR-120 (H'), and
assayed for carbohydrate (Found; 19,8 mg,). The neutral solution
was evaporated to a small bulk and poured into four volumes of ethanol,
the precipitate formed being dried (for 4 hr, af, 56° and 1 mm. Hg)s

the proéuct/.....

* 4 product of Chemical Process Co., Redwood City, California, U,S.A.
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the product (104 mg.), [alp ~7° (g 1.1), (Found: sulphated ash, 32.2%)
had equiv., 610. It would appear that onl& 19% of the sodium hydroxide
eluted fraction is carbohydrate, this constitues only 0.74% of the
total carbohydrate in fraction A. Hydrolysis of the fractions from
Duolite A4, again gave only arabinose, xylose, and galactose in respectiwely
equal amounts, the ratios being the same as in the original fraction 4.
As in the DEAE-cellulose fractionation, no uronic acid was found in the
sodium hydroxide~eluted material. The only difference which could be
detected between the two fraétionation techniques (DEAE-cellulose and
Duolite 44) was in the overall yield of polysaccharide, (75 and 100%,
respectively).

(e}  Dextran-gel chrematography. (i) Fraction A (34 mg.) in water

was percolated through a column (18 x 2.5 cm.) of Sephadex G.50 *
(medium grade) followed by water. Two fractions were eluted, the first
containing 30 mg. and the second 4 mg. of carbohydrate (by assay). On
hydrolysis each showed the same quantities of sugars as an hydrolysate
of fraction A. A portion (mg.) of the water-eluted fraction from
Duolite A4 was eluted from Sephadex G.50 as a single fraction corres-
ponding to the major peak from fraction A, (ii) Fraction A and the
water-eluate fram Duolite A4 each gave a single peak on percolation
through Sephadex G.25 * (medium grade), indicating that the second
fraction of fraction A eluted from Sephadex G,50 had molecular weight
between 5,000 and 10,000,

Partial/.....

*  Products of Pharmacia, Uppsala, Sweden.
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(C)e Partial acid hydrolysis of Watsonia corm polysaccharide,

The polysaccharide f'racticn A (30 g.) was homogenised in 0.01N=-sulphuric
acid (1 1.) and heated for 7 hr. at 96°, during which the specific
rotation changed from -80° (initial) to +53° (f’ix;a'l‘). The insoluble
material which formed (315 mg.) was filtered off and g;'ave a negative
test for carbohydrate. The filtrate was cooled, neutralized with

Duolite A4 (OH™), filtered, and concentrated to a small volume (150 ml.)
which, when added to methanol (450 ml.), afforded a precipitate. After
being filtered and washed with 80% methancl, the precipitate was dried
(for 5 hr, at 78° and 1 mm. Hg) yielding a white powder (5.251 g.),

[al p -59° (c 2.625) (called ppt.1l). The filtrate was concéntrated
to constant weight yielding a syrup (21.7 g.), [9] p +83° (Q_ 2.19)

: (syrfup 1; plate 1),Ppt.1 (5.251 g.) was dissolved in O,01N- sﬁf)huric
acid (200 ml.) and hydrolysed for 6 hr. at 96°, During hydrolysis a
change in specificwotation from -59° (initial) to 11° (final) was
noticed., Neutralization, precipitation, and separati‘on as previously,
gave ppt.2 (2.404 g.), [a]D -53° (c 1.09), and syrup 2 (2.323g.)

{ a]D +32° (c 3.32). Hydrolysis of ppt.2 in similar manner (for 7 hr.
at 96°) afforded ppt.3 (1.036 g.), [“]D_-39° (e 2.67 ) and syrup

3 (2.10 g.),f a]D -g° (¢ 2.2). Hydrolysisof ppt.3 for 4 hr. at 96°
in 0,01N-sulphuric acid gave ppt.4 (670 mg. ), [a] g -42° (c 0.9, 0.5N~-
NaOH), and vsyrup 4 (202 mg.), [a] D -17° (c 2.2). Elution of the

Duolite A4 resin used for neutralization with 0,5N-sodium hydroxide,

yielded no carbohydrate-containing material, The molar ratios of mono-

and/,,,
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and oligosaccharides in syrups 1,2,3, and 4 are given in table 8

{syrups 1 and 2 assayed after preparative paper chromatography

in solvent a;

chromatograms in solvents a and b respectively).

syrups 3 and 4 visually estimated from paper

Bool molar ratio Bl | molar ratio
Compound | s5lvent a | syrup 1 |syrup 2 |syrup 3 | solvent b| syrup &

1 Origin® trace 10 origin” 2

2 - - - 0,04 * 2

3 - - 75 - 0.10 * 2

4 .07 |} ) | 3 0.2 * 3

5 0.18. —) 3 0.49 * L

6 0.32 3 8 3 0,65 trace

7 0.52 } 3 },7 }6 0,78 trace

8 0.60° 0.87 * N

9 1.00 2 o} 1.00 trace
10 1.42 29 23 1 1.29
11 1.79 1 1 - 1.35 | } 10

TABLE 8,

¥ Estimzted as xylose oligomers (21l were xylose containing, as

shown by spraying the chromatograms with barbituric acid in glacial

acetic acid

)104-.

Syrur/....




- 84 -

Syrup 1 (21.7 g.) was triturated with methanol, yielding crystal-
line arabinose (1.83 g.) and a residual syrup (19.8 g.). The sugars in
this syrup were separated on a charcoal-Celite columriL 05(85 x4 em),
using first water and then step-wise increase in ethanol concentration,
as eluting solvents, yielding six main fractions over three months,
Purity of the fractions was determined by paper chromatograpn:y (in
solvents a and b).

Fraction I. The syrup (4.699 g.; eluted with water),[a] +104°
(e 1.k3), _I_{g oy 1e42 and 1.29 (solvents a and b) was chromatographically
homogeneous, and crystallised spontaneously. After recrystallisation
from ethanol the crystals had m.p. and mixed m.p. 159.5° (with L-
arabinose) a.nd[a]D +174°(6 min,) - +106° (60 min., constant; c 0.72).
The derived benzoylhydrazone106 had m.p. and mixed m,p., 199 - 200° (Q)
(with L~arabinose - benzoylhydrazone).
Fraction IT. The syrup (396 mg.; eluted with water) gave three spots
on chromatography (a) indistinguishable from fraction I, (b) chromato-
graphically identical with xylose, and (c) identical with fraction IIT.
Visual estimation of paper chromatograms showed a ¢ b : ¢ tobe 7 : 4 ¢ 2,
Fraction III., The syrup (618 mg,; eluted with water) 121 +80°
(c 0.84), gg 51 1+00 and 1,00 (solvents a and b) and chrometographically
homogeneous, was crystallised and recrystallised from aqueous methanol
giving crystals m.p. 165.5° and mixed m.p. (with Q-galactose) 1650,
[al, +12° (15 min.) = +78° (equil.) (g 1.09). The derived l-methyl-
1-phenyl-hydrazore O® had m,p. and mixed m.p. 186° with an authentic

specinmen,
Fraction/. cese
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Fraction IV. The syxup (3.694 g.;. eluted with 4% ethanol),[a]D +182°
(c 5.78), Y, 0.75 had Rga1 0.52 (in solvent a) , Rgay 0.78 (in solvent
b), Egal 0.76 (in solvent c), and was chromatographically identical wi;?
3-0- @ ~D-galactopyranesyl-L-arablnose prepared from A.cyanophylla gum

Hydrolysis for 5 hr. (in N-sulphuric acid at 96°), preparative scale
paper chromatography, and assay of the separated arabinose and galactose
(identical with stanaards in solvents a, b, and _(_:_) , showed the molar
ratio of galactose to arabinose to be 1.1 : 1.0, (the retations of these
aqueous extracts were[a ]D +75°% and + 94% respectively). |

The syrupy disaccharide (1.5 g.) was dissolved in hot methanol
and after removal of a small amount of insoluble material, was kept for
two months at 0°, The crystals formed were separated by filtration,
washed with methanol, and dried at 100° in vacuo for 2 hr., yielding
the galactose~-arabinose disaccharide, m.p, 156.5 - 15’7.50,[aJD +202°
(7 min,) > +198° (50 min., constant; ¢ 1.08) (Found: C,42.3; H,6.1.
Calc. fer Cy7Hpa010¢ C,42.35 H,6.45%). A crystallographic report
described the product as "an aggregate of fibrolamellar structure, all
but extremely thin pleces of which are opaque to cloudy. Extinction
is parallel to the long axis of the fibres; refractive index 1.52
fer the long direction. Double refractien is moderate. The crystals
are length slow", A second portion of the syrupy disaccharide (1.5 g.),
dissolved in hot methanol and seeded with a crystal of the first pre-
paration, was stored for one week at 0°. Microscopic aggregates of
crystals were formed (1 g., after being dried at room termperature

in vacuo/....
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in vacuo for 3 hr,) m.p. and mixed m,p. (with the first preparation)
| 156.5 ~ 157.5°, [GJD +198° (equil. value, reached within 2 min.)
(¢ 0.99) (Found: C,42.3; H,6.6%).

X-Ray powder diffractograms of the two preparations gave a large
ratio of peak height to width, indicating that both samples were well
crystallised. The first preparation had d~-spacings (in £) as follows:
13.3s, 10.5s, B8.36w, 6.64m, L.96vw, L.80vwW, L.65m, 4.4Ovs, 3.95vw, 3.8Lm,
3.39w, 3.,34kw, 3.15w, 3.0kw, 2,82w; vwhilst the second preparation had all
the d-spacings listed above and, in addition, d-spacings as follows:
8.19w, 6,56s, 6,19m, 4.85m, 4.53m, 4.20m, 3,65w, When the second
crystalline product was heated in vacuo at 1OOo for 3 hr., no change
in this pattern resulted,

Infra-red spectra (in Nujol mull and potassium chloride discs)
of the two crystalline preparations, showed v in the 750 - 1200 em L
region as follows: 773w, 817s, 849w, 865vw, 898m, 923w, 949m, 972sh,
995s, 1007vw, 1020w, 1037w, 1047sh, 1058w, 1080s, .1109m, 1lkkvs, (peak
intensities are all relative to the general contour of the spectrum);
the second preparation however, absorbed very weakly at 796 cm.-l,
vwhilst peak heights varied from one spectrum to the next,

The syrupy disaccharide (100 mg,) was converted to the phenyl-
osazone, by using the method adopted by Jones and Curtis (for the
phenylosazone of 3-0- Bﬁg-xylopyranosylég-xylosefﬁz.Recrystallisation
from hot water afforded crystals (12,5 mg.), [a] +82° (¢ 0,32 in
pyridine~ethanol, 7 : 3 ) having an ultra-violet absorption spectrum

characteristic/...
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characteristio of a Uisaccharide phenylosazo’no“»OB’ smd chromatogresphically
homogeneous in solvent h, with m.p. 235° (1it. values for the osazone

' . o8 02
of 3-0-a -'-_Q-ga1actopyranosyl-ﬁ-arablnose, 240 and 235 ). In

adiition it had a mixed m.p. (with the osazone of a disaccharide (pre-~

pared f’rgn reduced A,cyanophylla gum:,LO9 and hav ing identical Egal

values in a, b, and ¢) having m.p. 2340) of 235°. The infra-red
spectra (potassium chloride disc) of these two osazones were identical,
as were their X-ray diffractograms each of' which stowed well ¢rystallised
compounds, with the following d~spacings (ii;'?;): 21.50vs, 16.36vw,
11.15+, 8.22s, 7.46m, 6.24m, 5.66w, 5.26m, 4.69 w, L.k9vw, L.Blm, L 06vw,
3.9"m, 3.66vw, 3.50vw, 3.28vw, 3.19vw, 2.98vw.

Hydrolysis of the phenylosazone (from Watsonia) (2 mg.) yielded
galactose asthe only sugar (in solvents a, b, and ¢). The phenylosa-
zone (4.8mg.) in aqueous ethanol (10 ml.), was oxidized with periodate
(for 2 hr.); no precipitate ofmesexalic .didldehyde 1,2-bisphenyl-
hydrazone was formed but the reaction mixture yielded 1,01 mel. of
formaldehyde (assayed by thechromotropic acid methodllo) and 1.00 mol,
of formic acid per mol. of phenylosazone; (After 24 hr. oxidation,

the formaldehyde and formic acid released were 0,97 and 1,02 mols,

respectively). These results are censistent only with a 1 3-linkage
in the disaccharide,

The method of Charlson, Gorin, and Perlinm was followed in con-
verting the disaccharide (100 mg,) into the expected 2-0-a ~D-galactopyr-
anasyl-__I:.—erythritol, by lead tetra-acetate oxidation (for 15 min. at

18°% in/....u.e..,
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18° in 98.4% acetic acid), folldwed by sodium borchydride reduction,
Recrystallisation from ethanol yielded crystals (14 mg.),*m,p. and
mixed m,p, (with 2-_Q-a—Q-galactopyranosyl-]ér-e;'y'thritol) l53,°[a]D+1L;-3o
(¢ 1.2), ggal 0.71, 0.82 (in solvents a and ¢ respectively). Hydrolysis
(in 0,5N-sulphuric acid for 5 hr. at 96°) gave the expected galactose
and erythritol. Infra~red spectra of this preparation and the authentic
sample were. identical,

 Methylation of the disaccharide (300 mg.) by the Hawortil? and
Purdielld procedures gave a syrup (243 mg.) which crystallised spon-
taneously at .40; the crys‘tals,'after recrystallisation three times
from petroleum ether (b.p, 60 - 800), appeared as needles, m.p. 88.6-
88.90,[% +164° (¢ 0.86) (Found: OMe, 51.5 Cale, for ClBHsuol o
OMe, 52.9%), and mixed m,p. (with a sample from A,cyanophylla gum)

85 - 86°, (lit. values for the hepta-Q-methyl derivative of 3-0-@ -D-
galgctopyranosyl-;-arabinopyranose are m,P,. 820,[0!]D +162° 22 and

mp. 87 - 88°,&z]D+168° 28’). Hydrolysis of the crystalline methylated
disaccharide gave 2,3,4,6«tetra-0-methylgalactose (BG- 0.89 and 0.81 in
solvents a and g) and Z,A—di-—_(_)—methylarabinopyranose LRG 0.60 and 0,33

in solvents a and _g), easily distinguished from its 2,3- and 3,4- isomers
by paper chromatography in solvent a @_G 0,65 and 0,47 respectively ).
Methanolysis and gas-liquid chromatography of the methylated disaccharide
gave the methyl-glycosides of the same two methylated sugars, with
retention times of 1.88sh and 2,01 for the galactose derivatives,

and 2,95sh and 3.15 for the arabinose derivatives,

FractionV.  The syrup (2.615 g.; eluted with 9% ethanol),[], +64°

(c 5.230/...
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(¢ 5,230, equilibrium), was chromatographically homogeneous and had

Rogp O 32 (in solvent a), ggal

solvent ¢). Hydrolysis of fractionV (2 mg.) with 0,0lN-sulphuric acid

0.65 (in solvent b) and Egal 0.63 (in

for 3 hr. at 96°, liberated fraction IV, galactose, and arsbinose, all
identical with standards (in solvents &, b, and ¢); after 2 hr.,
fraction V was completely hydrolysed to the above three components,
Total hydrolysis of the syrup (N-sulphuric acid for 5 hr, at 96°),
subsequent paper chromatography of the neutralized hydrolysate, and
assay, showed the ratio of galactose to arabinose to be 1 : 2,1

by mols,, indicating a trisaccharide.

The syrupy trisaccharide (14 mg.) was ciissolved in water (1 ml,)
and sodium borchydride (7 mg,) added, the resulting solution being
allowed to stand for three days, Afterdeionizing with Amberlite
IR-120 (H") the solution was evaporated to dryness(at 25° for 30 min,
at 2 em.Hg); methanol was then repeatedly evaporated off the solid to
remove boric acid, leaving a non-reducing solid (10 mg.). Hydrolysis
of this material (3.3 mg.) in 0,01N-sulphuric acid for 2 and 8 hr, at 96°,
gave fraction IV, gaiactose , arabinose, and arabitol (the latter having
fggal 1,51 in solvent a, and being indistinguishable from an authentic
sampie in solvents a and £); the arabitol was revealed by spraying
the chromatogram with the periodate / benzidine spray reagen{:fL 144
distinguish it from the reducing sugars present which were also revealed with
the p-anisidine hydrochloride spray., A further portion of the solid |
(6.68 mg,) was oxidized with 0,02IN-periodate solution (25 ml,) for
20 hr, The reaction mixture yielded 1,06 mol, of formmldehyde and
1.9 mol, of formic acid per mol. of the reduced trisaccharide; after
reducing the oxidized material with sodium borohydride, deionizing

With/oooi"
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with Amberlite TR-120 (H') and Duolite Ak (CH™), removing boric
acid by methanol evaporation, and hydrolysing with Amberlite Ix-120
(H) (in a sealed tube for 16 hr, at 100°), paper chromatography
revealed arabinose (when developed with p-anisidine hydrochloride)
and arabinose and glycerol (when developed with periodate/benzidine).

The syrup (270 mg,) was methylated by the Haworth and Purdie
procedures yielding a syrup (285 mg.,; dried to constant weight at
40° and 1.6 em. Hg),ﬁ]D +41° (¢ 5,207, C'HCl}). Hydrolysis of the
methylated trisaccharide gave: 2,3,4,6-tetra-Q-methylgalactose,
2,5-di-Q-methylarabinose, 3,5-di-O-methylarabinofuranose, and
3,4~di-O-methylarabinopyranose (all identical with standards in
solvents a and _g) . Gas-liquid chromatography of the methanolysed
methylated trisaccharide, confirmed the above identifications giving
retention times (of the methyl glycosides) as follows:
2,3,4,6~tetra-O-methylgalactose 2,02, 2,5,~di-O-methylarabinose
2.33s, 4.,63w, 3,5-di-O-methylarabinofuranose 1.28, 3.21, and 3,4-di-
O~-methylarabinopyranose 2,82, Attempted alkeali degradation of the
trisaccharide by an adaptation of the method described by I:ain‘t:erlll"a
was unsuccessful, no degradation having teken place after heating
the trisaccharide (4.7 mg.) in 0,005N-sodium hydroxide (20 ml.) for
90 min, at 74",

The above evidence is consistent only with the trisaccharide being
O-a -D-galactopyranosyl- (1 * 3)-O-L-arabinofuranosyl-(l » 2)-L~
arabinose. Hudson's rules (see discussion pg.54 ) indicate that the

1l *+ 2 link between the two arabinose residues is a .
Fraction/,...
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Fraction VI. The syrup (632 mg,; eluted with 70% methanol),

[a] D -40° ( _9‘0.50) contained components all slower than fractionV,
and having Bgal values of 0.00, 0,02, 0,05, 0.08, 0.13 and 0.40 in
solvent e, Hydrolysis of the syrup with N-sulphuric acid for 5 hr.
at 96(_) and chromatography showed xzylose to be the only sugar residue
resent in these oligosaccharides (revealed by spraying the chromato-
gram with the barbituric acid spray reagent). Paper chromatography
against standards showed them to be identical with (all Egal values
in solvent _g): leoheptaose 0,02, xylohexaose 0.05, xylopentaose
0,08, xylotetraose 0.13, and xylotriose 0.40. These identities
were further supported by paper chromatography in solvents a, ¢, and
! and by plotting a graph oﬁog E{;l' #1 vs suspected degree of
polymerisation (plate 2) (to give a sufficient number of points,
xylose and xylobiose were chromatographed toget}ier with the hydro]ysate
of fraction VI in each of the four solvents), when straight lines were
ob‘l;a.inedgo using R gl values in solvents a, c, 4, and e: these values

' are given in Table 9.

In addition to the sbove six fractions, there were five over-
lal;ping fractions shown to consist only of mixtures of consecutive
fractions of the above; except for a smll amount of material
(ca 30 mg,) heavily contaminated with fraction IV (ca-200 mg.) and
heving B-gal 0.60, 1,09, and 0.75 in solvents g, ¢ and d respectively.
This was latér shown to be. chromatographically identical with 4~0-B -
Q—:cyl opyrano syl-_g—xylose .

The fraction containing the xylose oligomers from the preceding

columy . ...
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Suspected degree of ' :
polymerisation Egal 2 Ege).l 2] Bam 4 B-gaLl 2

1 1.67 1.78 1.64 1.33

2 0.60 1.09 0.75 0.8,

3 0.18 0.53 0.32 0.40

N 0.07 0.2 0.12 0.13

5 - 0.11 0,05 0.08

6 - 0.03 - 0.05

7 - - - 0.02

TABIE 9

column (fraction VI) was combined with syrups 2,3 and 4 (plate 3)
(total weight 4.2 g,) and evaporated to a smll bulk. This solution
was charged to a charcoal / Celite colum (85 x L4 cm.) and eluted first.
‘with water, and then step~wise with water containing increasing concen-
trations of ethanol, yielding seven mgjor fractions and a number of
overlapping fractions of these seven.

Fraction 1.

The syrup (442 mg,; eluted with water) showed three

components when chrometographed in solvents a, b, and ¢, These

components were identical with authentic samples of xylose, arabinose,

and galactose in the above solvents, Cellﬁlose column chromatography

(40 x 2.5 cm,) of the syrup and elution with solvent ¢, afforded three
fractions., PFraction la. A syrup (67 mg.) crystaliised and recrystallised

fron/...
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from 80% methanol was chromatograrhically homogeneous and hed m,p. and
mixed m.p, (with D-xylose) 150°, and[a] +90° (2 min.) « +21° (50 min.,
constant; ¢ 1.35), The derived di—g-benzylidine dimethyl acetal had
m,p, and mixed m,p., (with the di-O-benzylidine dimethyl acetal of
D-xylose) 210°, and[a]D -8° (¢ 0.7, CHCl;).  Eraction 1b. 4

syrup (330 mg.), [a]D +107° (¢ 1.2) was chromatographically homo~

geneous and identicel with arabinose in solvents a and c. Fraction lc,

4 syrup (45 mg.) [a]D +80°) (¢ 1.1) was chromatographically identical
with galactose in solvents a, b, and c.

Fraction 2, The syrup (54 mg.; eluted with water), [} +78° (¢ 0.6)
was chromatographically homogeneous in solvents &,b, and ¢; and
identical with galactose. Crystallisation and recrystallisation from
glacial acetic acid yielded a compound which had m,p. and mixed m,p.
(with D-galactose) 166°,

Fraction 3. The syrup (422 mg.; eluted with 5% ethanol) [g] D +184°

(¢ 2.3) was chromatographically homogeneous and identical with

3-0-2 -D-galactopyranosyl-L-arabinose in solvents a, b, and c.
Fraction 4, The syrup (114 mg,; eluted with 6% ethanol) showed two
components on paper chromatography in solvents a,b, and ¢,one identical
with fracfion 3 and the other identical with an authentic sample of
4—9-5 -Q—:qlopyranosyl-g-zwlose. The syrup was separated into two com-
ponents on a cellulose colum (40 x 2,5 cm.) when eluted with solvent e,

Fraction La (identical with fraction 3) and fraction 4b both

chromato=/...
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chromatographically . homogeneous in solvents a’ and D
Fraction 4b. The syrup (92 mg.),[a]D -27° (¢ 0,67) had

Bgal values of 0.60, 0.75, and 0,84 iR solvents a, d, and ¢ respectively.
A portion of the syrup (5 mg.) was hydrolysed in N-sulphuric acid for
5 hr, at 96° yielding only xylose. The syrup (33 mg.) was mixed
with phenylhydrazine hydrochloride (100 mg,), sodium acetate
trihydrate (150 mg,) and distilled water (1.2 ml.), After heating in
a boiling water bath for 30 min. and cooling, thederived phenylosazone
crystallised and had m.p. 208.6° (&) (1it. values; 195 - 196° #1°
Periodate oxidation of the osazone (1l.41 mg.) for 2 hr, yielded no
formaldehyde and no precipitate of the 1,2-bisphenylhydrazone of
mesoxaldehyde, whilst 1,06 mol, of formic acid were liberated per
mol, of phenylosazone, These im:lts are consistent only if the di-
saccharide is 4-0-B -]g-xylopyranosyl-]:)_-xylose (xylobiose).

- Acetylation of the syrup (33 mg.) with fused sodium acetate
(60 mg.) and acetic anhydride (0,9 ml.) for 4 hr. under reflux, gave
on evaporation of a chloroform extract of the reaction mixture, a
syrup (29 mg,) which, on crystallisation and recrystallisation from
equal volumes of ethanol and petroleum ether (b,p. 60-80°) (seeding
with an authentic crystal of the hexa-acetate), gave a product m,p.
end mixed m.p. 155-156° (with 4-0- B -D-xylopyranosyl-D-xylose
hexa-acetate),[a]D -70° (c 0.66, ,cHCl3) (1it. value; -74° )3‘16
Thin-layer chromatography of the acetate on Silica~gel G117 showed it
to be identical to an authentiz sample,

Fraction 5. The syrup (330 mg.; eluted with 13% ethanol had[a]y +70°

(c 2.8)/v.nsnn

)
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(¢ 2.8) and was chrometographically identical with O-a -D-galactopyranosyl-
(1 - 3)-_(_)-_L_=—arabinofuranosyl-(l » 2)-L-arabinose in solvents 2, b and c.

Fraction 6. The syrup (246 mg.; eluted with 18% ethanol) had[o]) -38°

(¢ 2.0), was chromatographically ho'mogene.ous in three solvents, and, on
hydrolysis (in 0.0lN-sulphuric acid for 5 hr, at 960) gave fraction 4b and
xylose only. Total hydrolysis with N-sulphuric acid for 5 hr, at 96°

gave xylose es the only component in solvents a, b and ¢. Crystallisation
and receystallisation of a portion of the syrup (80 mg.) from 85% ethanol
afforded a product (28 mg.),[a ]D -145° (¢ 0.5) which softened at 154° and
had m,p., 203° (d); an authentic sample of 0-B -2-xylopyranosy;-(l > 4)-
0-B -D-xylopyranosyk(1 » L4)-D-xylose (xylotriose) softened at 156° and
had mixed m,p. 204° (d), The syrup (10 mg.,) was converted to the phenyl-
osazone by using the same conditions as suggested by Whistler and Tuu 5.
The small amount of crystals which formed were drained on a porous tile
and washed, yielding a crystalline product m.p. 218-219°(d) (1it. value for
xylotriosazone; 2114.—215c1)1,5 A; portion of the mother liguors frem

the crystallisation of the xylotriose (46 mg.) was acetylated by the
method of Whistler and Tuusagiving a crystalline product ( crystallisedv
from a mixture of equal volumes of ethanol and petroleum ether (b.p. 60-
80°) vhich had m,p. and mixed m.p. (with xylotriose octa-acetate) 121> . <~
and [Ot]D —90O (_g 0.4, CHClj). Thin-layer chrématography on Silica-gel

G showed the acetate to be identical with a stanciard.

Fraction 7. The syrup (114 mg.; eluted with 8% methanol) was chromato-

graphically similar to fraction VI from the chromatographic separation

Of/..,..
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of syrup 1, namely a serioes of xylose oligomers with degree of poly-
1l

merization from four to six. The graph ofE.og ;J-l Vs suspected

. =ga
degree of polymerisation (plate 2) for these three components was again

linear for solvents d and e,

Precipitate 4, This degraded polysaccharide (670 mg.) ey -44.2°

(e O.9Q, 0.5N-NaOH) (isolated after consecutive hydrolyses of the
origina-tl polysaccharide; ref, page 82), was only sparingly soluble in
water but soluble in dilute sodium hydroxide solution, A portion (10 mg,)
~ was hydrolysed (in N-sulphuric acid for 5 hr. at 96°) giving products
chromtographicallj identical with xylose, arabinose, and glucose in
solvents a, b,and c, Preparative ~ scale paper chromtogr'éphy and
assay showed the ratio of xylose to arabinose to glucose to. be 11 :
trace : 1, Reaction of a small portion of the polysaccharide in water with
a dilute solution of iodine produced the characteristic blue colour
associated with staréh. A further portion of the degraded poly-
saccharide (308 mg,) was methylated by the procedures of Haworth and
Purdie yielding a product which, after drying (for 2 hr. at 60° and
0.4 mm,Hg), weighed 192 mg. and hadla] -58° (¢ 1.48, CHC1;) and Ole,
38,0%. The methylated degraded polysaccharide (10 mg.) was hydrolysed
(in N-sulphuric acid for 5 hr. at 96°), neutralized with barium carbonate,
and chromatographed in solvent a against standards. The components of the
hydrolysate were shown to be 2,3, ,6-tetraOmethylglucose (R, 1.00),
2,3 ,4~tri~0-methylxylose (BG C.94), 2,3,6-tri-Q-methylglucose (BG 0.85)
and 2,3-di~0-methylxylose (EG 0.78). Gas-liquid chromatography confirmed
these identities and gave the following approximate molar proportions of

| each/ ...
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each component (table 10).

Component T molar proportion
2,3 ,b=tri-0-methylxylose 0.467, 0.607 20
2,3-di-0-methylxylose 1.78, 1,99, 2.23 160
2,3 ,k4,6-tetra=0-methylglucose 1.00, 1.54 3
2,3,6-tri=-0-methylglucose 1 k.22, 6,16 15
TBIE_ 10

These results indicate a xylan with an average chain length of
approximately nine xylose units, and a "starch type" material with an
average chain length of approximately five units., The xylose to glucose
ratio from these figures is found to be 10 : 1,

The 2,3-di-0-methylxylose in a portion of the methylated degraded
polysaccharide hydrolysate (150 mg,) was separated by preparative paper
chromatography in solvent a, extracted from the paper, and evaporated
to a syrup which crystallised when seeded with an authentic sample,
yielding crystals m.p.76 - 78°, and mixed m,p. (with 2,3-di-O~methylxylose)
77-79°. The derived anilide, after recrystallisation from a mixture of
equal volumes of ethanol and petroleum ether (b.p. 60 - 80°), had m.p.
123-123.5° (recent 1lit. values for 2,3-dixQ-methyl~N-phenyl-D-xylopyranosyl-

118 119 120 121
amine; 15 - 146°, 122 - 123°, 120 - 1229, 121°7 7).

The/o s
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The quantitiés of the various mono-, di-~, tri-,and oligo-
saccharides recovered from the c'olumns; (including the contribirtions
from the overlapping fractions) are presented in tables 11 (fractions
I »VI endI > 7) eand 12 (combined totels from the first and
second colums); whilst a summary of the method adopted to obtain
the partial hydrolysates for separating on the charccal./ Celite
colums is given (flow sheet 1.); and histograms of the elution

rattern are given in Flates 4 and 5,

weight Tecovered (mg.,).
Sugar fractions T + VI fractionsz - 7

Xylose . _ 39 68
arabinose 4,699 330
galactose 618 100
3-0- a -D=galactopyrandiyl- 5559 422

L-arabinose
"xylobiose" 30 92
Q- a ~D=~galactopyranosyl-

(1 ™= 3)«Q-a ~L-arabino-

furanosyl=(1 » 2)-L-arabinosk 2615 332
"iylotriose’ - 2,6
xylose oligomers 632 114
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Sugar Total weight recovered
(me. )

Xylose 107
arabinose 5029
galactose 718.
3-0=- a -D-galactopyranosyl-L~ 5981

arabinose -
'xylobiose" 122
0- a-D-galactopyranosyl- 2047

(1> 3) ~0- a =L~arabinofur-

anosyl-(1 - 2)-L-arabinose
"xylotriose" 246
xylose oligomers 114

TABIE 12
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Watsonia polysaccharide

fraction & (30g.)[a ]D-—80°
0,01lN-sulphuric acid for
7 hr. at 96° then neut-

ralization with BaCQ
~\~“/ 3

solution[a]D +53° 4+ non-carbchydrate residue (315 mg.)
made 80% with respect to methanol

precipitate 1. (5.251 g.),[a]D-59°
0.0lN-sulphuric acid for

6 hr. at 96°, followed by
neutralization

syrup [2] -11° ;

mada 80% with respect to methanol

prt;cipijtate 2, (2.404 g.),[a]D‘55o
0.0lN-suphuric acid for 7 hr.
at 96°, followed by neutraliz-
ation and making 80% with

respect to methanol

N
precipitate 3. (1.036 g.),[® ]1)"39o

0,01N-sulphuric acid for 4 hr,
at 96°, followed by neutraliz-
ation and making 80/% with

respect to methanol

&
precipitate 4. (670 mg.),[a]D ~4.2°
methylation and hydrolysis

v
methylated sugars (Table 10)

+ syrup 1. (21.7 g.),[+83°
charcoal / Celite

‘ columm chromatography
fractions I - VI (Table 11)

+_syrup 2. (2.323g.) [l +32°
+ M' (l'lo g-),[“]D “'80

+ syrup k. (202 mg.),lal] -

+ syrup 3

+ syrup 2

+ fraction VI

then charcoal / Celite
¥ column chromatograpny

fractions 1 = 7 (Table 11)
FLOW SHEET I

fethylation/....
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(D). Methylation of the Watsonia corm polysaccharide and identification
of the methylated monosaccharides released on acid hydrolysis.

Initially three different methods were used for the methylation of
the polysaccharide which was sparingly soluble in water.but all of them
gave very low yields of the methylated product.

,/ (2) The polysaccharide fraction 4 (10 g.) was suspended in water
(100 ml.) and methylated by the procedure of Haworth, adding during 9
days, dimethylsulphate (400 ml.) and sodium hydroxide (246 g.). After
heating to 60° for 1 hr, the solution was dialysed against running water
until free from inorganic ion, The dialysate, af_fger concentrating in vaeuo.
yielded a syrup (11.2 g.) which afforded xylose, arabinose, galactose and
traces of (presumbly) methylated monosaccharides when hydrolysed for

3 hr, in N-sulphuric acid at 960. The syrup was further methylated for

9 days using the same conditions as before, dialysed until salt free, and
evaporated to a dry powder (12.6 g.) which was refluxed for 3 hr. with a
mixture of methanol~ chloroform- exd dry dimethyl formamide, 5:5:2;
filtration and evaporation to dryness gave a soluble fraction (4.6 g.;
OMe, 24,2%) whilst the residue (7,6g.) had OMe, 32.6%. Neither of the
two fractions appeared to contain any free methylated monosaccharides
vhen subjected to paper chromatography in solvent a. Hydrolysis of the
two fractionz in N-sulphuric acid for 18 hr, at 100° gave the same six
chromatographic components for each in solvent a, with R, values of':

0.96, 0.89, 0.82, 0,74, 0.50 and 0,26. Further methylation of the

22

soluble fraction (950 mg.) by the method of Kuhnl®®(with dry dimethyl-

formemide, silver oxide, and methyl iodide), finally yielded a clear
yellow/...
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yellow glass (120 mg.; dpied at 100° for 2 hr,, at 0,5 mm, Hg),

[a] -90° (c 1.64, CHC1;) (Found: OMe, 38,2%). Hydrolysis of this
syrup (in N-sulphuric acid for 18 hr. at 100°) yielded on paper
chromatography the same components as before, with the exception of

that R, O.74 which was absent,

G

In view of the low overall yields ( <10%) of methylated poly-
saccharide in the above experiments a modification of the Kuhn procedure
was used 125;

(b) Partially methylated polysaccharide(1.02 g.; from the "Haworth"
methylation) was dirred for 16 hr, with dry dimethylformemide (70 ml.)
before adding the silver oxide and methyl iodide, the yield from this
however, was no better than in the preceeding experiment.,

(¢) A further method utilizing barium oxide instead of silver
oxide to neutralize the hydiiodic acid formed during methylation, and
dimethyl sulfoxide as the solvent in place of dimethylformamide 124
was used, again giving a low yield of methylated polysaccharide. The
dry powder obtained after methylation twice by the Haworth procedure (950mg. )
was suspended in dimethyl sulfoxide (50 ml.), after addition of barium
oxide (8 g.) and methyl iodide (25 ml,), the mixture was refluxed for
2, hr, at 450, filtered, evaporated to a syrup,and extracted with chloro-
form; evaporation of this extract in vacuo yielded a syrup (80mg,) which,
on hydrolysis, gave the same six components as those abtaired ff'o;;x the poly=-
saccharide which had been methylated twice by the method of Haworth,

By modifying the method of Haworth as follows, high yields of the
methylated polysaccharide were obtained, Watsonia corm polysaccharide

fractiory....
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fraction 4 (30 g.) was homogenised with N-sodjum hydroxide (200 ml,) at
5° methylated (for the first 8 hr. at @° in an atmosphere of nitrogen
and then over 10 days at room temperature and 4 days at 35°) with di-
methyl sulphate (700 ml,) and sodium hydroxide (350 g.), dialysed against
running water until free of inorganic ions, methanol, and dimethyl sul-
thate, and evaporated to a clear amber-coloured glass (25 g.) ,[a]D —800..
(c luk, CHClj) (Found: OMe, 36,8; sulphated ash. 1.4%). Hydrolysis

of this material in N-sulphuric acid for 5 hr, at 960 yielded the. same
components as before in essentially the same amounts,

This partially methylated material (12.5 g.,) was dissolved in equal
volunes of dry dimethylformamide and chloroform, in which it was com-
pletely soluble (complete solution was not achieved when only dry
dimethylformamide was used). Slow evaporation of the chloroform afforded
a solution of the partially methylated polysaccharide in dimethyl-
formamide, During a period of 2 weeks, silver oxide (50 g.) and
methyl iodide (100 mil,) were added to this solution, the reaction taking
rlace at ambient temperature and with constant vigorous stirring.A The
reaction mixture was filtered to remove unreacted silver oxide, silver
iodide, and the silver iodide ~ dimethylformemide complex which had
partially crystallised from the solution., The straw-coloured filtrate was
evaporated to a small bulk; the addition of the chloroform a:f‘forded a
precipitate of the silver iodide -~ dimethylformamide complex which was
removed by filtration. Concentration of the filtrate and precipitation
with chloroform was repeated until no more of the complex was removed by
this method; when evaporated todyness (at 80° and 2 cm, Hg to constant

weight/....
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weight), the final filtrate afforded an amber-coloured glass (12.6 g.).
The glass (12.6 g,) was dissolved in chloroform (50 ml,) and the
solution extracted with a solution of aqueous putassium cyanide ( 5%)
to remove any remaining silver iodide and silver iodide-dimethylformemide
complex, This procedure was @repeated three times, the chloroform
layer dried (over anhydrous sodium sulphate), and evaporated in vacuo
to a clear pale-yellow glass (7.85 g.), [*] D -8,,° (¢ 0.7, CHClj)
(Found: OMe, 37.1; sulphated ash. 0,0%).

This material (7,85 g.) was dissolved in methyl iodide (100 ml,),
silver oxide (20 g.) added, and refluxed at 48° (bath temperature) for
ten days. The reaction xﬁixture was then filtered to remove silver
iodide and silver oxide and the filtrate was evaporated to dryness
(at 60° and 2 cm, Hg to constant weight) yielding a clear glass
(6.3 g.), which had[a] -86° (¢ k.15, GHCl;) (Found: Glie, 57.5;
sulphated ash <0,1%). PRemeshylation by the Purdie procedure left the
methoxyl and sulphated ash contents unchanged, The methylated poly-
saccharide, when dissolved in chloroform, gave no precipitate on the
addition of petroleum ether (b,p, 60 - 800) to a concentration of 90%.
This, coupled with the constant methoxyl content on further "Purdie"
methylation , is a reasonable justification for regarding the Watsonia
corm polysaccharide as beihg fully methylated and essentially homo=-
geneous at this fstage,

Hydrolysis of the methylated polysaccharide (20 mg.) in 98/100
formic acid for 1 hr, at 96o , and then, after evaporation of the bulkl

of the formic acid, in N-sulphuric acid for 5 hr. at 96° afforded the

following/....
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following components (tentatively identified against standards) when
chromatographed in solvents a and g (plate 6) (EG values quoted for
solvent a).

(1)  2,3,5-tri-O-methylarabinose (0.96)

(ii) 2,3,k,6-tetra-O-methylgalactose (0.87),

(i3i) 2,5-di-Q-methylarabinose (0.84),

(iv) 3,5-di-Q-methylarabinose (0.81),

(v) 2,3,6-tri~O-methylgalactose (0.74),

(vi) and

(vii)  two minor components staining pink with the Ppranisidine hydro-
chloride spray reagent (0,48 and 0,37 respectively), and

(viii) xylose (0.26), the latter revealed by its characteristic green
colour when sprayed with the barbituric acid spray reagent. In view of
the possibility of demethylation of the sugar residues occurring .during
hydrolysis in 98/10@ formic acidlgz, different hydrolysing agents wére
used to obtain (by visual inspection of paper chromatograms) conditions
which gave rise to the least amount of demethylation, (_a_t) Initial
hydrolysis with 98/100 formic acid, for 1 hr. at 96°, followed by

. hydrolysis with N-hydrochloric acid (for 4 hr. at 960) yielded more of
the component _13(} 0,74 than was obtainéd with formic acid followed by
Nesulphuric acid, whilst there appeared to be a decrease in the amount
of component R, 0.87. (b) Hydrolysis in _Iy-sulphurjl.c acid for 5 hr,

at 960 yielded an hydrolysate in which the component 0.74 appeared to be

%
of the order of half that found in hydrolyses where formic acid was used
initially. However, at the end of 5 hr, the original methylated; poly-

saccharide/....






PLATE 6 Chromatogram of the hydrolysis products of the methylated
Watsonia polysaccharide,

A
B

if

Standard mixture of sugars

1]

Hydrolysis products

Key to plate 6,

a = galactose J = 2,3,4,6~tetra-O-methylgalactose
b = arabinose k = 2,3,5-tri-Q-nethylarabinose

¢ = Xxylose

a = ngrmethylarabinOSe

€ = rhamose

f = J5-0O-methylxylose

g = 2,3,6-tri-0-methylgalactose
h = 2,4,6-tri-Q-methylgalactose

i = 2,5- and 3,5-di-Q-methylarabinose
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saccharide was not completely dissolved, with consequent loss of weight

of the methylated monosaccharides. (c) The method finally adopted,

which gave an amount of component R, O.74 comparable with that in (b),

was as follows: the methylated polysaccharide (5 g,) was dissolved in

e mixture of N-sulphuric a-cid (135 ml,) and 98/100 formic acid (15 ml.),
hydrolysed for 5 hr. at 96°, neutralized with barium carbonate, filtered,
and the filtrate treated with Amberlite IR-120 (H') and Duolite Ak

(H™) to remove barium formate (paper chromatography of the filtrate had
shown no component which could have been methylated uronic acid; this,
coupled with the absence of any uronic acid fragment in the complete or
partial acid hydrolysis of the gum allows the use of ion-exchange resins for
dc:x.onazad::wn at this stage). Concentration of the solution of methylated
Vmonosaccharides (at 600 and 2 cp, Hg to constant weight) yielded a syrup |
(4 g.), which was charged to a cellulose colum (98 x 4.5 cm.) and

eluted with petroleum ether (b,p. 100 - 120°) and butan-l-ol, with step-
wise increase in the butan~l-o0l concentration, the final eluant being
butan=1-0l saturated with water. The following 13 fractions were obtained:
Fraction i. The syrup (635 mg.; eluted with petrol : butanol; 7 : 2)

had [a] 5 ~35° (g 1.2), R, 0.95(solvent g)(Found: Qlfe, 46.9. Calc. for

Cgly 605 OMe, 48.4%), and was chromatographically homogeneous (in

solvents a and _g). Demethylation with 48% hydrobromic acideo gave a

series of arabinose methyl ethers and arsbinose, which were identified by
paper chromatography against standards. Fraction i (100 mg.), bromine
(0,25 ml.), and water (2 ml,) were heated together for 15 hr, at 30°,

Excess bromine was removed with a stream of nitrogen and the solution

WS eeue
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was neutralized with silver carbonate and centrifuged, The centri-

o4y

fugate after treatment with a stream of hydrogen sulphide was filtered, |
and evaporated to the derived syrupy L-arabonolactone [ ] D ~59° (c 0.75).
Methanolic ammonia (1 ml,) was added and left for 15 hr, at 5°; crystals
of the derived arabonamide formed on evaporating off the solvent,m.p.l27o.
Recrystallisation from ethyl acetate afforded a product, m.p. 134.6° and
mixed m,p. (with 2,3,5-tri-O-Methyl-Ir~arabonamide) 135°.

Fraction ii. The syrup (169 mg,; eluted with petrol : butanol; 7 : 3)
gave two spots on chromatography, one (a) identical with fraction i, and
the other (b) with fraction iii, Gas-liquid chromatography showed the
ratio’f}, at btobe2: 1 (by mols,).

§
Fraction iii. The syrup (397 mg,; eluted with petrol : butanol; 7 : L)

had [a] ) + 107° (¢ 3.32), R, 0.87 (solvent &) (Found: OMe, 49.L. Calc.
for Cj H,40¢ 3 e, 52.5%) and was chromatographically homogeneous.
Demethy}_ation and paper chromatography gave a series of galactose methyl
ethers and galactose, Fraction iii (100 mg.) was dissolved in dry
ethanol (1 ml.) and freshly distilled aniline (0.08 ml.), after reflux—
ing for 2 hr, at 96° (in arhydrous conditions) and cocling to room
temperature, crystals of the derived anilide were obtained, m,p. 196 -
197° and mixed m.p. (with 2,3,k,6~tetra-O-methyl-N-phenyl-D-galactosyla~
mine)197°. |
Fraction iv. The syrup (312 ng.; eluted with petrol : butanol; 7 : 5)
msm[oc]D -57° (¢ 1.12), ¥, 0.72, R, 0.81 (solvent 2) (Found: OMe, 34.1.
Cale, for Cjfly O5: Qe, 34.8%) was chromatographically homogeneous and
gve/ ...
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gave 5-0-methylarabinose, 3~0-methylarabinose, and arabinose (identified
by paper chromatography against standards) on demethylation, The derived

lactone after recrystallisation from ethyl acetate had m,p. 73° (1it.

. 0125 o126  _ 427
values for 3,5-di-O-methyl-L-arabonolactone; 75 , 73 , 78 )

On paper chromatography the lactone had Ef values of 0,73 and 0,88 in

solvents a and g respectively, Thedcrived amide had m. v, ll+5O 5[ O] D +Zl5o
(c_0.93) (1it, values for 3,5-di~0-methyl~L~arabonamidc; 12,° 126 ,
0125,127 125

Fraction v. The syrup (339 mg.; eluted with petrol : butanol; 7 : 5)
gave two spots on paper chromtography and electrophoresis identical
(a) with fraction iv and (b) with fraction vi. Demethylation, gave only
mono-methylarabinoses and arabinose, whilst gas~liquid chromatography showed -
a: btobel: 2 (by mols,)

Froction vi, The syrup (192 mg.; eluted with petrol : butancl; 7 : 5 )
had [a] 5 -,3° (c 0.6), Mg 0.05, R, 0.8k (solvent &) (Found: OMe, 32,3.
Cale, for Gy 0t OMe, 34,8%) was chromatographically homogéneous and
gave 5-0-methylarabinose, 2-0-methylarabinose, and arabinose on demethyla-
tion. The derived amide had m,p.131,6-132,3° (1it. values for 2,5-di-O-
methyl-L-arabonamide, 131° 128,16 157 53500 123

Fraction vii. The syrup (14 mg.; eluted with petrol : butanol; 7 : 7)

showed two spots on chromatography, in equal quantities and identical

with fractions vi and viii,

Fraction viii, The syrup_(,21 5 mg.; eluted with petrol : butanol; 7 : 10),

[a]D +87° (¢ 3.59), R, 0.7 (solvent, a) (Found: OMe, .35.3’.(?.,.Cal.c. for

Gl g0g:  Qle, 41,9%) wes chromatographically homogenecus and gave a
series/....
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series of methyl ethers of gilactose and galactose on demethylation,

The derived lactone had m,p. and mixed m,p., (with 2,3,6-tri-Q0-methyl-
D-tilactonolactone) of 98°,

Fraction ix. The syrup (24 mg,; eluted with petrol : buténol; 7 : 10),
[a] D +97° (c 0.455), showed two components on paper chromatography,
very close together. Gas~liquid chrormtography showed 2,3,6-tri-O-
methylgalactose (1 part) and (probably) 2, ,6~tri-O-metiylgalactose

(6 parts).

Fraction x. The syrup (10 mg.; eluted with petrol : Mutanol; 7 @ 20)
was shown by gas-liquid chrometography to be probably 2,4,6-tri-O-methyl-
gelactose (1 part) and fraction xi (1 part).

Fraction xi, The syrup (40 mg.,; eluted with petrol : butanol; 7 : 50),
(4 5 +27° (¢ 0.78), Mg 0,8k, R, 0.52 (solvent a) was chromatograph-
ically homogeneous; demethylation gave only xylose, and paper electro-
pharesis showed that of the monomethy ethers of xylose, only 3-0-
methylxylose would have the correct -Mg value,

Praction xii. The syrup (27 mg,; eluted with butanol half saturated
with water), [a] D +85° (c 0.42), Rq 0.37 (solvent a) gave arabinose
only on demethylatiori and was chromatographically identical with
3-0-methylarabinose; it could not have been the 5- or 2-methyl ether
of arabinose as these were ruled out by paper chromatography (I_R_G 0.59
and 0,46 respectively).

Fraction xiii. The syrup (594 mg.; eluted with butanol saturated

with water),[ a]D +18° (2 5.94), R, 0.26 (solvent a) was chromatographi-
cally identical with xylose (in solvents a, bsand ¢). OCrystallisation

fron/....
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from 85% methanol afforded crystals m,p. and mixed m.p. (with D-xylose)
148°, [«] D +18° (¢ 1.2). The derived di-O-benzylidene dimethyl acetal
had m,p. and mixed m,p., (with D-xylose di-Q-benzylidene dimethyl acetal
of 210°%; [a] b ~10° (¢ 1.40, CHC1;) .

Final elution of tﬁe columm with ethaﬁol s water; 1l 1 gave no
further fractions, The weights and moler proportions of the sugars
eluted from the colum are presented in Table 13, and diagrammatically

represented in a histogram (plate 7).

Methyl ether weight (mg.) | molar proportion
2,3,5-tri~0-methylarabinose 7 10.0
2,3 ,4,6=tetra-0~-methylgalactose 453 4.9
3,5-di-0-methylarabinose ! 425 6,2
2,5-di-0-methylarabinose . 418 6.5
2,3,6=tri-O-methylgalactose . 218 2.3
2,4 ,6-tri-O-methylgalactose 26 0.2

(probably) '
3-0-methylxylose . - 45 0.75
3-0O-methylarabinose . - 27 - 0.4
xylose - 59 10.0
L
TABLE 13.

If we assume that the 2,3,6~tri-O-methylgalactose is actually from

undermethylated or partially demethylated endgroup galactose ( see
di scuSSiOI’;/. e
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(v) Preparative scale oxidation, reduction, and "Smith degradation”,

Watsonia polysaccharide fraction A (3 g.) was dissolved in water

(2 1.). To this solution sodium meta-periodate (18 g.) in water

(500 ml,) was added, and the oxidation allowed to proceed for

333 hr, Aliquots of the reaction mixture were assayed for periodate
uptake at various times during the oxidation (see table 16 and plate 8).

.

Time (hr.) periodate consumed
2 0.312
25 | 0.548
50 0.564
168 : 0.737
) 192 0.756
333 - 0.864
TABIE 16

When the reaction had proceeded for the above time, barium carbonate
(40 g.) was added anci the suspension stirred for 2 days, during vwhich
time most of the iodate ion in solution was precipitated as barium
iodate, After filtration through a filter-aid (Celite 535 * ) the‘
filtrate was concentrated (at 25° in vacuo) to a small bulk (40 ml.)

» a and/o so e
A product of Johns-Manville, U,S3.A,
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and poly-aldehyde in the solution reduced to a poly-aicohol (over 3 dajs)
by thevaAdition of solid sodium borchydride (5 g). After 3 days excess
sodium borchydride was comverted to sodium borate by lowering the @ of
the solution to fH 6 with carbon aioxide. After filtration the solution
.(SC ml,) was passed through a colum (3.5 x 47 cm) of Sephadéx G.25
(medium gfade) to remove small molecules and ions, the eluate being
checked at regular intervals for polysaccharide and borate ion content,
The polysaccharide fractions free from borate ion were eluted in 175 ml.,
and totalled (by assay) 820 mg. of polysaccharide (i.e, 9%.2% of the
polysaccharide eluted from the columm), Further fractions (eluted in
75 ml. and containing 51 mg. of polysaccharide) containing in addition
to polysaccharide, borate ion, were de-ionized with Amberlite IR-120

(H") and Duolite A4 (CH ) and concentrated (in vacuo at 25%); faper
chromatography of these concentrates revealed no glycitols. The solution
containiné the borate free polysaccharide (175 ml.) was shell frozen and
freeze-dried, yielding a white powder (1.12 g.), [a]D -107° (¢ 1.03), a
poftion of which on hydrolysis (O.ﬁg—sulphuric acid for 16 hr, at 960)
and preparative paper chromatography was found to contain xylose, arabinose,
and glycerol (identified against standards in solvents a and f) in the
ratic 10 : 14k : 7 by mols. (the glycerol was assayed by measuring the
formaldehyde released on periodate oxidation); no spot corresponding to
threitol was observed, and the above three components were the only

ones noticed in the Hydrolysate, V

The reduced oxidized Watsonia polysaccharide (1.0 g.) was dissolved

in/.iee.
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in N-sulphuric soid and hydrolysed at 19° ("Smith degradation” condi-
tions 95); after 3 hr, arabinose.started to be hydrolysed off the
molecule, (determined by neutralizing a portion of the hydrolysate and
spraying a spot on paper with p-anisidine hydrochloride) and the hydrolysis
was terminated by adding barium carbonate to neutralize the acid. During
the Smith degradation the specific rotation of the solution changed from
o] -100° (20 min.) > -93° (3 hr., g 5.01, N-sulphuric acid). The
neutralized solution, after filtration,was evaporated to dryness (at 250
and 2 cm, Hg to constant weight) yielding a white solid (955 mg,) which
on refluxing with absolute ethanol gave a soluble fraction (X) (230 mg, aften
evaporation in vacuo at 25°) and a residue (Y) (696 mg.),[al D -98°

(¢ 0.92) (Found: ash,1.8%).

Paper chromatograghy of fraction X (imsolvents a and f) showed
glycerol to be the only glycitol present and arabinose the only sugar;
no components éorresponding to sugars linked to glycitols were observed
but the fraction was assaycd for total sugar content (by two methods
a and b) and for reducing suger content (method (c))a
(a) By blowing steam through a solution of fraction X (14.8 mg, in
water) any glycollic aldehyde in the fraction was removed, the re-
sulting solution was assayed giving the total amount of sugar (as

arabinose) present in the fraction (1.9 mg. i.e, 12.9% of fraction X).

131
(b) The second method used was one developed by Bahl and co-workers .

Fraction X (14.8 mg.) was refluxed for 2 hr . with 2,4% methanolic hydrogen
c¢hloride; when the Fehling's test was negative, Neutralization of the

solution/,....
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solution with silver carbonate, centrifugation, and evaporation of the
supernatant -to dryness, afforded a residue from which two portions of
methanol (each 20 ml,) were evaporated; after finally heating for

2 hr, at 83°, the residue was dissolved in water (25 nl,) and assayed
for total sugar (as arébinose) content (Found: 1.8 ;ng., i.e. 12.4%).
(c) A further portion of fraction X (14.78 mg,) was assayed for
reducing sugar using the micro-colorimetric method of Somogyi and
Nelsonl52 , yielding 1.80 mg. (of reducing sugar, calculated as ai‘a—
binose), i.e. 12.2%. The optical rotation of a solution of fraction X
(c 1.47) was +0,10° which is equivalent to a free arabinose content of
12,9%. These results show that at most _c_:g.6% of the total sugars present
(i.e.0,7% of fraction X) can be bound to glycitol residues, which is in
broad agreement with the absence of glycosyl-glycitols on paper chroma-
tog‘aphy.

Chromatography of fraction X (72 mg. in 0.9 ml., of water) on a
colum (1.2 x 30 cm) of Dowex~1 resin = (100 - 200 mesh and 10% cross-
linked) (of. method of Austin et 2119%)  elution with carbon dioxide
free water, aﬁd estimation of the positions of the eluted components by
measuring the periodate uptake of each fraction afforded glycerol
(25.03 mg,) as the only component of fraction X eluted from thé resin
(identified initially by paper chrometography in solvents a and f). The
derived p-nitrobenzoyl chloride 13404 m,.p. l9l+-?1950, and mixed m,P.

(with an authentic specimen) 193-194°,
Hydrolysis of fraction ¥ (10 mg.) in N-sulphuric acid for 5 hr, at

o
% 6 sec e
Product of Dow Chemical Co., Midland, Michigan, U.S.A, %/
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96° gave xylose and arabinose only, in the ratio 10 : 14.2 by mols.
Methylation of the fraction (279 mg.) by the procedures of Haworth

and Purdie afforded a methylated degraded polysaccharide (151 mg,),
[a]p -120° (¢ 1.91, CHC1;) (Found: OMe, 34.5%). Further methylation
by the Purdie method did not raise the methoxyl content of this material,
The methylated degraded polysaccharide (100 mg.) wes hydrolysed in
N-sulphuric acidfor 5 hr, at 96°, natralized with barium carbonate ,
filtered, and evaporated in vacuo to a syrup, a portion of which on
paper chromatoéraphy (in isolvent a) was shown to contain the follwing
components (identified against standards); (i) 2,3,5-tri-O-methyl-
arabinose, (ii) 2,5-di-O-methylarabinose, (iii) 3,5-di-O-methyl-
arabinose, (iv) 2,3-di-O-methylxylose, (v) 3- and / or 2-O-methyl-
xylose, (vi) xylose, Preparative paper chromatography of the syrup,
and elution of the fractions from the paper with water, afforded solu-
tions which were assayed for carbohydrate content, ngainst an authentic
standard curve for each component, Paper electrorhoresis of components
(ii), (iii), amd (v) confirmed the identities and showed that (v) was a
mixture of 3-0-methylxylose (}_/_Ig.o.66) and a trace of 2--methylxylose
(Mg 0.39). Gas-liquid chromatography (against standards) of the
methylated degraded polysaccharide, methanolysed for 18 hr, at 100°

in 2,4% methanolic hydrogen chloride, confirmed all the above identities
and also gave a peak correspond:i.ng5 to 2,3,4-tri-0-methylxylose, which
has the same R, value as 2,3,5-tri-O-methylarabinose on paper chromato-

=
graphy in solvent a. Molar proportions of each fraction, (a) by gas-

1iquid/. o e
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liquid chromatography (approximate), and (b) by assay after chromato-

graphy on paper sheets, are presented in table 17,

assay from paper

assay by gas-liquid

Sugar
sheets chromatography

2,3 ,l,.—tri-p_-me’chylxyl ose 1,0 1.0

2,3 45-tri-0-methylarabinose 9.3 6.55
2,5-di-0-methylarabinose 1.0 2,6
3,5-di-0~-methylarabinose 5.6 10,2
2,5-di-O-methylxylose 1.5 1.0

2- and 3 -Q-methylﬁqylose 5.1 2.6
xylose 3,0 -

TABLE 17,

The molar proportions found by the paper-strip assay method give

a good agreement between the number of mols., of end group, and the

number of mols, of branch points viz.;

() end-groups 10,3 mols. (35.0%)

(b) chain-groups 8,1 mols. {27.4%)

(c) branch-points 11,1 mols. (37.65%)

Periodate oxidation (in the manner previously described) of the

fraction Y (102 mg,) for 31 days at ambient temperature, revealed that

0,37 mols./ese-




0.37 mols, of periodate were consumed for 100 g, of fraction Y.
Neutralization and sodium borohydride reduction of the oxidised solution,
" followed by conversion of the borchydride into borate with carbon dioxide,
de~ionisation with mixed anion and cation exchange resins, and evaporation
in vacuo, afforded a syrup (fraction Z) (28 mg.) which on hydrolysis (in
N-sulphuric acid for 5 hr, at 96°), preparative paper chromatography, and
assay of the separated components, showed xylose, arabinose, and glycerol to
be the only components present, in the ratio 6.8 : 5.1 ¢ 6 by mds, Fraction
z (19.5 mg.) was dissolved in N~sulphuric acid at room temperature

("Smith degradation" conditions) and the change in specific rotation
fronx[a]D -69° (3 fin.) = ~60° (3 hr., constant; ¢ 0.49, N-sulphuric

acid) was noted, The hydrolysate was neutralized, filtered, and con-
centrated (in vacub) to a syrup (15 mg,). Paper chromatography in

solvent a and revelation of the spots with p-anisidine hydrochloride and
perioaate / benzidine spray reagents, revealed glycerol (ggal 4.4) as

the main component of the mixture, a trace of a component Egal 0,6

(not stained with p-anisidine hydrochloride and possibly a xylosyl-
glycerol), and a component remaining at the origin; the material available
was, however, insufficient to estimate the amount of glycérol, or the
components of the spot Bgal 0.6. The remaining syrup (13 mg.) was
dissolved as far as possible in ethanol, yielding two fractions (a)

soluble in ethanol and containing the components Egﬁl L, and 0,6 men-
tioned above, and (b) an insoluble fraction (9 mg.),[ 2]p -62°

(e 0.2) which gave xylose and arabinose in the ratio of 7.1 : 4.9 and

no/......
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Watsonia polysaccheride fraction A ( 3,0 g.)

periodate oxidation
borohydride reduction

v ) 31yd.rolysis [xylose 10
1,12 g.[ol; 107 e .'{arabl_nose 1
used 1,0 g. glycerel 7

i, Smith degrade
955 mg.

reflux with ethanol

. Y
10 xylose },hydrolysis _ insoluble fraction Y (696 mg.) + soluble frac-

14,2 arabinose)” assay o tion
"// ~ used 102 mg, [a] p-98
. - assay
/used 279 mg. periodat paper chro-
10 e :
matography
/ n)ethylai?e , borohyd.ride ¥ &
& : i glycerol + arabinose

methylated polysaccharide
(151 mg.] q] D -120° OMe,

Dowex chroma-

34.5% o Jrography
_ WV ~ glycerol (25.03mg.)
hydrolysis ' fraction Z {28 mg,) hydrolysIS_ . .. '
J : > {xylose 6.8
series of sugar methyl ethers assay Ja.rabinose 5.1
and xylose (Table 17) Smith degrade (' glycerol 6.0

15 mg.
jreflux with ethanol

insolubie fraction 9 mg. [a]D-62O + soluble
fraction (3mg.)

hydrolysis and per chro-
assay matography

glycerol + Rynq O. 60

V
Xylose ; arabinose 7.1 : 4.9

FLOW-SHEET 2.
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