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INTRODUCTION 

Plants contain a wide range of polysso.hari4... The occurrence of 

these throughout the plant is as diverse as their nature. They constitute 

cell walls, appear in the intercellular layer and can be exuded by the 

plant. This thesis will be concerned mainly with pectins, which occur in 

both primary and secondary cell walls, in the intercellular layer and in 

fruit juices, and with hecioelluloa•e which occur in osli walls together 

with aellulose. 

SECTION I 

Pectins 

Definition of the terms used in Pectin Chemistry. 

Pectic Substances 

Pectic substances is a group designation for those occplsx, colloidal 

carbohydrate derivatives which occur in, or are prepared from, plants and 

contain a large proportion of anhytrogalaoturonio acid units existing in 

a chain—like combination* The carboxyl groups of the polygalaotux'onio 

acids may be partly esterified by methyl groups and partly or completely 

neutraliasd by one or more bases (1). 

Feotlnio koid.s 

The term peotinlo acid is used for colloidal polygalacturonic acids 

containing more than a negligible proportion of n.thyl ester groups. 

Pectin 

The general term pectin designates these water—soluble peotinia acids 

of varyin .+y1 liter content and degree of neutralisation which are 



2 

capable of forming gels with sugar and acid under suitable conditions. 

Pectic Acid 

eotio acids are those pectic substances which are essentially free 

of methyl ester groupse 

The poetic substances occur as both water-soluble and insoluble 

components of plant tissue and differ in proportions of individual sugars 

both with the variety and maturity of the plant and with the part of the 

tissue or cell included in the sample (2). They occur mainly in the 

primary cell wall, and in the intercellular layer but also occur, to a 

lesser extent, in the secondary cell walls. Some plarr 	 and saps 

are also quite rich in these substances. Thus they are most abundant in 

soft tissues which are composed mainly of primary cell walls (i.ee fruit 

and roots) (3)(4) and much lees so in wood where the volume of the primary 

layer is small. 

On the basis of solubilities, and staining reactions of peotinic 

acids, the peotio substances in the cell wall are believed to differ from 

those in the intercellular layer and the soluble pectins present in the 

intercellular layer of ripe fruits are believed to differ from the 

Insoluble potina. 

The functions of psctio substances in plants are varied and have not 

yet been fully elucidated. It would appear that the insoluble pectic 

substances in the intercellular layer contribute ,  to its rigidity but the 

function of the pectic,  substances in cell walls is not so obvious. 

However, from their hydrophilic nature, they may be necessary for the 



proper hydration of young growing cell wall,. This hypothesis is 

supported by their prssenoe in largest proportions in primary o.11 walls 

(5). 

Pectic substances are important commercially because of the ease with 

which they form gels. Of the two types of gel which In formed, the pectin-

sucrose—acid type is the most important industrially. This Is formed as a 

result of the tendency of aggregations of pectin molecules to crystalline. 

The other type is formed by cross linking chains through carboxyl groups 

by divalent calcium. 

Molecular weights of pectins have been reported to vary from around 

10,000 to around 400 90009 It would seen, however, that this wide range 

of values can be explained by partial degradation of large molecules with 

molecular weights of several hundred thousand to smaller molecules with 

molecular weights between ten and fifty thousand. Ii.ngl.in  and Schneider 

(6) obtained evidence of this by nitrating pectins in situ. Direct 

nitration of alcohol extracted and dried slices of sugar-beet tissue gave 

nitrated pectins of molecular weights of 50,000 - 100 9 000. Pectins 

obtained by hot-water extraction of the same material had, sitar nitration, 

molecular weights of 30,000 - 50,000. Further evidence in support of 

this was obtained by Schneider and Book (7)  who reported that the 

molecular weight of nitrated peotinic acids form appie pomace was much 

higher from the first extract than from subsequent extracts. 

Pectic substances although composed mainly of galacturonic acid 

residues contain varying amounts of arabinose and galactose residues. The 

early work on the.e substances suggested that there were throe separate 



4 

polysaccharides presents a galacturonan, a galactan, and an axabinan. 

It would now appear that, although there may be some separate galsotan and 

arabinan, galactose and arabinose residues are also linked to the 

galacturonic acid residues and that the isolation of three homopoly.aooharides, 

the P.otio Triad, was due to degradation during extraction of a hetero-

polyaaoohazids containing all three sugar.. There is as yet no direct 

evidence for a linkage between arabinose or galactose units and 

galaoturonio acid units and the theory of a heteropolysacoharide is based 

on the retention of the neutral sugars after exhw3stive fractionation.. 

The early investigations on the 'hoaopolysaoaharides', however give an 

insight into the basic structural features of pectic substances. 

Pectic Qa3acturonans 

In the early investigations, a hosopolysacoharide, containing 

galacturonie acid residues only, was obtained by said hydrolysis of 

associated gal 	and ar abinose residuss • Hot mineral acid was 

used (8) and, in the case of strawberry pectin (9), hot methanolia 

hydrogen chloride which yielded a galaoturonan of about eight units 

indicating appreciable hydrolysis of the galeoturonia acid residues as 

well as the neutral residues • In some in.tano.s, the pectic material 

was extracted with alkali which could lead to a ,f3-eliaination type of 

degradation which will be discussed more fully later. 

One of the first examinations of a pectic galacturonan was made by 

Leven* and Krsider (io) who shoved from oxidation studies that the 

galacturonic acid residues were linked through either the I and 4  or 

I and 5 positions dependent on the galactu.ronio acid unite being in the 

pyranose or furanose forms respectively. 
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The linear structure was confirmed from asthylation studies by 

lAzokstt and 2sith on the galacturonan tics citrus pectin (8) and by 3avsn 

and Jon.s on the galacturonan from strawberry pectin (9). In both oss.e, 

a structure composed of galaoturonio acid unite, in the pjranose form, 

linked through the I and 4 positions (I) was favoured due to the high 

I 

positive rotation of the galaoturonan.e and their stability towards 

hydrolytic agents. 

Further structural features of pectic galacturonans have been 

elucidated from studies on galaoturonobioss and galsoturonotriose obtained 

from the action of the enzymes from Aapergillue fostidus on apple pectic 

acid (11)(12). 	The reduction of galaoturonobioee to 4-C-o-!) 

galaetopyranoayl — ,L — galaotose shoved that it consisted of two 

— galsotopyranosiduronjo acid residues connected by an cx 144 linkage (ii) 

H 

H 

'I 
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but the reduction of galaoturonotrjoes to the corresponding galsototrios., 

which had a high positive rotation indicative of OZ linkages, and 

subsequent asthylation was ieee conclusive in that the possibility of a 

branched structure was not resolved. However, the result, supported 

earlier conclusions that the galacturonjo acid residue* in pectin existed 

in the pyranoss fora and that the linkage was 0(1 

1orø recently, the extraction procedures which have not involved the 

use of acid have yielded acidic PolYsaocharidssoontsining neutral sugar 

residues, and galaoturonaxia, as strictly boaopolysaooharidee, are now 

recognised to be of relatively infrequent occurrence. However, the 

extraction of sunflower heads with hot ammonium oxalate-oxaijo said 

solution has yielded a galsoturonan (13) and galaotuxonana have also, in 

some instances, been obtained from the further fractionation of the 

acidic polysaooharides. Zitko and Bishop (141  by further fractionating 

the aoidi 	Iysaooharid.es in sunflower, sugar-beet, apple, and citrus 

pectins, isolated a pore galacturonan in each oaes and Timell and 

Bhattaoharjee (15), on further fractionation of the pectin present in 

the bark of amabilie fir, obtained a pure galaoturonan, On reduction of 

the galsoturonan to the corresponding galactan and subsequent aethylation 

of the galactan, they concluded that the galacturonan was a linear molecule 

with the galaotu.ronia acid units in the pyranose fora linked through the 

I and 4 positions in the e configuration. 

Pectic Galactaris 

atret, Jones and iald.r (16) first isolatid a pectio galsotan from the 

seeds of white lupin. Rot alkaline extraction of the seeds yielded a 
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pectic material which contained a high percentage of 	galactose residues. 

A pure galactan containing a small amount of uronio acid was obtained after 

the removal of the axabinan by extraction with 70 methanol followed by 

hyd.rolyeis with wild oxalio acid of the remaining arabinose residues, and 

after the removal of the acidic polysaooharide by precipitation as the 

calcium salt. in view of tL ti1isation of oza]io acid to hydrolyse the 

last of the arabinose residus., the authenticity of the galactan is 

questionable in that it may have arissfrow the removal of .rabinose 

residues from an aabinaalac1an, nnd in ltght of recent investigation's 

into base aetalysed degradation of peotia substances, the degradation of a 

large complex molecule, during alkaline extraction, resulting in the mixture 

of polysacoharides extracted is a posaiblity which cannot be overlooked. 

Msth.ylation studies on ths galactan showed that it was a linear polymer 

built up of D ga.laotopyrsnose residues linked through the I and 4 

positions (III) and from optical rotatory paver, the authors concluded 

I" 

that the galactose residues were linked in theoonfiguration. 

Although there is doubt as to the authenticity of the galactan from 

LlzDinus album seeds, there is evidence that separate gslactans do exist in 
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peotio substances as a structurally similar galaotan has been isolated 

as a minor component from a commercial citrus pectin by precipitation of 

the acidic polysaccharide as the insoluble copper salt (17). Andrewa, 

Hough and Jones (18) have also isolated a galactan of this type from the 

esed.a of 3trychnos nux—vomioa using an alkaline extraction prouedure. 

In addition to theee ho.colyaaachari des , arabinogalaotana with 

/3 	D - galactopyranose residues linked through the I and 4 positions 

constituting the main chain and arabino.e residues attached as side 

chains have also been isolated. 3uoh a polyaaooharide, containing 

- arabinose to D galactose residues in the approximate proportion of 

I z2, has been shown to be the main component of a polyeaoohaide mixture 

extracted from defatted soysbsan flour with hot water after the removal 

of protein, with very dilute alkali (19). Meth.y-lation studies indicated 

that the main chain of the polysaooharid.e was composed of D - gelaoto- 

pyranose residues linked through the 1 and 4 positions while some branching 

at the 3 position accommodated side chains of L arabinofuranose residues 

linked through the 1 and 5 positions. 

An arabinogalaotan, with the predominant linkage of galactose 

residues through the 1 and 4  positions but, on the whole, of a more 

complex structure, has been isolated from Centrosema plumari seeds (20). 

Acidic polysaooharidee containing chains of 0 4) linked /3-. D 
galactopyranoae residues as the main structural feature have also ben 

isolated from wood. Bouvsng and Maier (21) isolated a polyeaooharid.e of 

this type in the solution from the delignification of Norwegian spruce 

compression wood with chlorite which contained. 13% urania acid residues in 



the form of both galaoturonio and gluouronia acid residues • The neutral 

part of the polyasooharide was shown to consist of a chain of (i 4)-linked 

/3 D galsotopyranose residues. Alkaline extraction of beech tension 

wood ha 4.ld.ed a still more complex polyssooharid.e containing as one of 

Its structural features chain.. of D galactose residues linked through 

the I and 4 position. (22). 

T'.ctio Axpbins 

Folysacoharidso of this type were first isolated from various sources 

by first and Jones (23)(24)(25)(26) who carried out structural investiga-

tions which have been supplemented by further studies on sugar-beet 

arablnan (27)(28), However, in light of more recent evidence (29), it 

would appear that the so-called sugar-best arabinan is a hetsropoly-

asooharide containing azabino.., galactose, rhasnoae, and galacturonic 

said residues and, in addition, is not an alkali stable polysaooharid.e as 

was previQwly believed (30) in that it can be degraded by further treatment 

under the conditions of extraction. However, in light of present 

knowledge of the susceptibility of pectin., containing a high proportion 

of ..tsrified galaoturonio said r•.idus., to degradation by alkali, doubt 

must be cast on the authenticity of thc "abinan" as an undegradad 

constituent of sugar-best pectin. 

In two instance., arabinans of the pectic type have been isolated 

under non-dsgrsdative conditions* Sttdtew on the arabinan isolated from 

custard seed (31 )(32), in particular, have yielded the most complete 

structure so far obtained for pectic arabianso Nothylation of the 

custard seed arabinan and subsequent hydrolysis gave 	arabjuoee, 
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2 	methyl £ - arabino.e, 2, 3 - di - - methyl £ - arabinose and 

2 9  3 9  5 tri 0 - methyl - - axabtno.e in the molar proportions 

2:11&6s12. It would appear from the non-educing end groups that the 

arabinose residues are present in the furanose form, the units being joined 

by 1 4 5 linkages with a considerable proportion of I - 3 branch linkages. 

Furthermore, the isolation of a email amount of arabinose from the 

methylated polysaooharide would indicate branching through the 02  position 

of a relatively email proportion of unite that are also linked through the 

03  and 05  positions. An c linkage between the arabinofuranose residues 

was deduced from the high negative rotation of the polysaoohanide. An 

insight into the fine structure of the arahinan was obtained from Smith 

degradation studies which yielded a series of oligossooharidee containing 

1 4 5 linkages. These oligoeaocha.rid.e were identified by methylation 

followed by quantitative gas-liquid chromatography and indicated that the 

arabinan must have one of the three structure. (Iv), (v) or (VI) on have 

characteristics of any one of these present to a greater or lessen extent 

in the molecule* 

0 4 5) linkage 

ii   ' 
	11  T I 	4, (143)iinkage 

IV 

A 

A 

-A-A-A-A-A-A-A- 
It 	'? 
A 	A A 

V 

A .\.A /A A 

A A A 
I I 

A 
I 

-A - 	 A -i - 

VI 
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The arabinan isolated from the aqueous extracts of maritime pin. (33) 

would appear to have a similar structure although, in this case a small 

amount of galacto.e residues were shown to be present as non-rduoirtg end 

group.. 

The Complex Acidic Polysaccharides in Pectins 

Pectic substances, extracted under mild conditions which are unlikely 

to cause degradation and fractionated to remove any neutral polysaooharjd.ea, 

give acidic polysaccharides which .till contain neutral sugar residues* 

The table below, compiled by MoCrsady and Gee (34) illustrates the 

sugars liberated by partial hydrolysis of purified pectinlo acids. 

Source Anhydrouronlo 
Acid* 

Arabinoss Galactose Rhamnose Xylose 

Orange 92.1 + + + 0 

Qrap.friitit 91.7 + + + 0 

Lemon 90.4 + + + C 

Pig 87.1 + + + 0 

Carrot 76.7 + + + 0 

Apple 8810 + + + + 

Peach 86.8 + + + + 

PsaPod 84.8 + + + + 

Apricot 830.1 + + + + 

Pear 82.6 + + + + 

Sugar Best 8203 + + + + 

Avocado 79.0 + 1. + + 

*Content corrected for water, ash, and methylsne impurity from oarbomsthoxyl. 
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In addition to then* neutral constituents, 2 9 - methyl 	xylo.e 

and 2 - 0 - methyl - 1. - fuoo.e, which were first isolated from plum leaf 

hemiosilulose (35), have been isolated from sisal pectic acid (36) and 

subsequently from other pectic acids along with L - fucose which was first 

isolated in pectins from lucerne pectic acid and which is present in a 

relatively high proportion in Vie acidic polysacoharidas from .oyab.ana (37). 

Although the previously mentioned neutral sugars would appear to be  

constituent sugars of the complex acidic poly.aooharidss in psotina, until 

recently, however, only rhamnose residues had been shown to be directly 

linked to galacturonic acid residues from the isolation of the aldobiouronio 

acid, 2 - - (CX - D - galactopyraxiosyluronio acid) - - rhemnose, first 

from the poetic type acidic polysaccharide from grape. (38) and later from 

luo•rns pectic acid (39), the pectic acid from the bark of amabilis fir (15), 

and the acidic polyseocharidee from .oysbean. (40)9 (41). A larger oligo-  

sacoharide (VII) containing both galaoturonio acid and rhamnoee residues 

has also been isolated from partial hydrolysis studies on lucerne poetic 

acid (42 )and the acidic polysaccharides from soyabeana (40)(41) which have 

also yielded the trieaoohsxi&e (viii) and from aoetolyais studies, the 

trisacohari do (ix) and the tetrasacoharide (x). 

Oal2A 12 Hha 	0alA 12 Rha 

VII 

04 

0al,A 142 Rha 142 RhaE  

o. 
GalA 14 GalA 142 Rha 

VIII 

0&12,A 1..4 0al,A 142 Rha, 12 Rha 

Ix 	 x 
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Further information on the structural significance of the rhamnose 

residues has been obtained from asthylation studies on pectic acids from 

different sources by Aipinall and Caia.a—Rodrigues (36) 9  Aspinall and 

?anahawe (39)9 and Timell and Bhattachar j.. (15)  which, when taken with 

the results from partial degradation studies, show that the main chain 

of the polysaccharide is composed of 0 ' 4) - linked D - galacturonic said 

residuse l  some of which provide branch points with a small number of 

£ - rhamnose residuesp some of which also provide branch points. 

Galactose and arabinose are the predominant neutral sugar residues 

found in the complex acidic polyeaoohe.ridee in pectins but as yet no 

direct evidence has been obtained from structural studies for linkages 

between theee sugar residues and those of galaoturonio acid although 

indirect evidence from the failure to remove them on fractionation and, 

in certain cases, from the relatively large proportions of residues of 

these sugars which occur as non—reducing end groups, as shown by 

methylation studies. Examination of the a.thylat.d complex acidic 

poly.acoharides from various sources has shown that although the residues 

of galactose and arabinose may frequently be attached to the basal chain, 

as non—reducing and groups, they may also be attached in structural units 

with linkages similar to those in the respective pectio hosopolysacoharideo. 

In the case of sisal pectic said (36) 9  a predominance of arabinose end 

groups was indicated along with 0 4) - linked chains of galactose residues, 

lucerne peotic acid (39)9 on the other hand, yielded a predominance of 

galactose end groups along with arebinose residues linked in a branched 

structure as in pectic arabinana, whereas the poetic said from the bark of 
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acabilis fir (15) yielded both neutral sugars mainly in the form of end 

group.. The esthylation evidence which indicates that galactose and 

arabinose residues in the oompl.x acidic polyenooharid.s may occur in 

structural units similar to those in p.otio galaotans and arabinans 

r.ieotiv.ly  is further substantiated by the isolation of 4 	 D 

galsotopyrenosyl - 	galactose and the corresponding gslaototrio.e 

from commercial citrus pectin (17) and from the acidic poly.aooharid.s from 

soyabeans (40)(41), and by the isolation, from •nsycio degradation of the 

acidic polysaccharides from soyabsana (40) of the acidic oligosacoharids 

(xi), not yet fully oharcoterised, in which 0 4 4) linked linear chains of 

,- Xyl 

T-Oal.& 

L-Rhai, 

XI 

D galaotopjrano.e residues are linked either directly or through xyloei 

or xhaaio.e residues to a single ga.laoturonio acid reducing unit. 

Although the existence of a linkage between arabinoss or galactose 

residu.s and those of gslaoturonio acid is still m.iiily hypothetical, 

direct evidence has been obtained for a linkage between arabinose and 

galacto.e residue. by Ikilar and Smith (29)  from 3nith degradation studies 

on an acidic polysaccharide from sugar beet, the so-called sugar boot 

arabinan, which has afforded O - CK - L - arabinofurano.yl - (1 -0 3) --. 

/3 D gal actopyranosyl (1 4 1) glyosritol indicating that, 4 .1 this 

instance at least, the azabinofuranoss units are linked to the 
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galactopyranose unite. They suggest that the arabinan portion of the 

polysacoharide is joined to the oore of galactose, rheanoss and 

galaoturonio acid residues by linkage to the galactose residues. 

Of the other neutral sugars present in the complex acidic poly-

saccharides, D zylose residues which are generally present in lower 

proportions than those of galactose or arabinos., have been shown to be 

directly linked to galsoturonic acid re!idiiess Aapinall Ot a]. (40) have 

now isolated from enzymic degradation of the acidic polyaacoharides from 

eoyabeaxia the tissacoharide, 3 	, -/3 	- zylopyranosyl - D - 

galacturonia aoi& which has also been obtained from tragacanthic acid (43). 

Dsa4atjon of Poetic 3bstanoes 

The subject of degradation of p.otio substances can be divided into 

four separate s.otionsi degradation in acidic solution, d.grsdation in 

alkaline solution, degradation in neutral solution and degradation by 

ensyaes. 

The aoid labile glyooeidia bonds between arabinofuranoss units in 

pectic substances allow only the weakest of acidic solutions to be used 

without degradation oocurring. The increasing stability through 

galactopyzanoss bonds to galacturonia acid bonds allows the isolation of 

fragments such as 2 - —(cx- D galactopyranosyluronio sold) - £ - 

rhannose from partial hydrolysis experiments. (Aoetolysie Is a different 

type 3f acidic degradation resulting iii markedly different "cracking 

patterns", the reason for this is not yet understood.) 

Polysaooharides, in oxygen free solution, undergo alkaline 

degradation which begins at the reducing end of the molecule and proceeds 
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in a stepwise manner along the sugar chain. The rate of degradation 

depends on the sods of linkage of the sugar residues which compose the 

chain. Chains with sugar residues linked through the 1 and 3 or I and 4 

positions are labile to alkali and degradation proceeds in a peeling 

procees with the release of sscohaxinio acids but chains with sugar 

residues linked through the I and 2 positions are resistant to alk*l. 

Pectic substances contain gslaoturonio said residue, linked through 

the I and 4 positions and consequently they degrade by this peeling process 

yielding sacchartnio acids (44). This type of degradation, however, does 

not produce such a rapid decrease in molecular weight and hence is not 

so readily detected by viscosity measurements as is soission of the sass 

number of glyoosidio linkages within the chain which Volisert (45) has 

shown to take place during alkaline saponification of pectin at 20 0C. He 

also showed that pectic acid in not d.polynerissd under the sane conditions. 

Thus dspolyinerieation of pectic substances in this manner is only possible 

if there is some euterifiostion of the galsoturonlo said residues and 

furthermore the degree of depolymerisation is a function of the extent of 

esterifiostion. 

and Dsuel (46) have shown that the viscosity of the sodium 

pectate produced by saponification of citrus pectin can be varied at Will 

by selecting the proper saponification temperature. This is illustrated 

in the following table* 
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Saponification Viscosity 

) 
ep./o Temp. °C Time 

-'10' 3 days 1.132 

5 24 hours 0.858 
20 2 	" 0.571 

35 1 	" 0.354 
50 15 mini. 00215 

100 5 	N  0.062 

Original Pectin 1.322 

+Saponified in the presence of glycerol. 

•DigrSe of Eaterifioation a 65.L 

They also observed that similar results were obtained with the 

glycol esters of pectic acid.. In both oases the sodium peotate formed 

was no longer depolyaerissd by alkali in this manner but at the higher 

temperatures w. .ther degraded by the usual stepwise alkaline 

degradation from the reducing end group.. 

The instability of the sitars of pectic acid can be explained by 

assuming a "/3 d.ealkoxylation" mechanism as sureste& by Whistler and 

B.illsr (47) (xii). 
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The eaters of the o<, / uneaturated acids (i), which are formed, are 

more slowly hydrolyad than the ester of the galaotuxonio acid (48). 

DepolymerisatiOn and do—esterifioation are competitive reactions 

which take place at the same time, the amount of each product depending 

on the relative rates of reaction* Lamar and meinatsu (49) have 

concluded that for every eighty dsa.eaterifioatiOfla which 000ur, one 

glyooeidio bond is cleaved.. 
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The instability of pectin in hot solutions of phosphate buffer is 

an unusual phenomenon, its susceptibility to degradation being due to the 

presence of mc r'1 esterified carboxyl group. (50).  As in alkaline 

solution, peotia said is quite stable when similarly treated. 

Investigations into the seohenism of the neutral degradation of 

1;3otin have boon carried out by Albersheim s  Neukom and Dsu.l (51)  to 

prove the cleavage of glyooiidtc bonds iv the formation of double bonds 

by buffer treatment at pH 6.8. They shoved that degradation, as measured 

by reduction in relative viscosity, depends both on the length of heating 

and the temperature. Verification that degradation in the result of 

splitting of glyooaidio linkage, was obtained by correlating the reduction 

in viscosity with the increase in free aldehyde groups. The extent of 

:1:cin wa fGund to be approximately proportional to the degree of 

eaterification of pectin and d..-'e.terification, which would account for 

the reduction in the rate of glyoo.idio breakdown with increased lengths 

of degradation g  was also shown to take place as heating proceeded. The 

presence of a freliaination mechanism was indicated by an increasing 

absorption at 235 mjxq characteristic of o, /3 unsaturation, and also by the 

formation, by osonation, of ozalic acid which is only produced from 

unsaturation in the C 4 , C5  position of uronic acids (52). Thun t  not 

only are the characteristics of degradation in neutral solutions the same 

as those in alkaline solutions but it would also seem that even at pH 6.8 

the o-hydrogsn atom is sufficiently activated to be removed and that the 

meohn4 ins are identical. 
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Further investigations into the atfoot of hot phosphate butters on 

pectin substances have been carried out by Barrett and larthoote (53) who 

obtained two polysuocharide ooaponsitts fter heating a purified peatinic 

acid from apple pectin at pH 698. These components were separated by 

gel filtration and it was found that the high-molecular weight component 

contained a large proportion of the total neutral sugar residues of the 

psotinio acid whereas the low-moleoulaz' weight component contained a very 

high percentage of gslaoturon.io acid. They suggest that the original 

molecule could be considered to contain large arabinofuranose 'hi oak.' 

oovai.ntly attached to the gal aoturonosyl chains and that degradation 

divides the molecule into two different types of frageent. $ one 

containing principally galacturonosyl residues and the other mainly 

neutral residues (XIII). 

Neutral sugars 	 Neutral sugar. 

-Gal A - 0*1 A- Gal A 	Gal A - Cal A 	Gal A - Gal A 	Gal A - 

Neutral sugar. 	 Neutral sugars 

Gal A - Gal A + 0*1 A - Gal A + Gal A - Gal A + 0*1 A 	0.1 A 

Gal A 	Gal A indicate. 20 - 50 galaaturonio said units. 

XIII 

In addition to the conclusions drawn by the authors, it can he 

argued from gel filtration evidence, as.uaing that the galacturonie acid 

chains of both types of degraded fragts are approxiastely the same 

length, that these chains must contain between 20 end 50 g.lsoturonio 

acid units. From a /3-elimination type of degradation, the galaotw'onio 
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acid units at the non-reducing end of each chain will be O(, /3 unsaturated. 
Pectic enzymes can be divided into three major groups. The first 

group contains the pectineeterame. 'which catalyze the &e-smt•rifioation of 

the natural and synthetic methyl esters of polygalacturonic acids. The 

second group contains the polygalacturona..e which catalyas the 

hydrolysis of glycoeidio linkages and the third group contains the pectin 

traneelialnas.. which 'would seem to degrade pectin by a /3-elimination type 

of mechanism. 

Fungal polygalacturonasee only produce galacturonobios., 

galaoturonotriose and galaoturonot.traose in the initial stages of 

hydrolysis (54) and .ventually give complete breakdown to galaoturonio 

acid, arabinose and galactose (55). It has been suggested that fungal 

polygalaoturonaees are mixtures of three or more ensymee, one of which 

hydrolyses pectin to ga.Jacturonobiose and galaoturonotrioee, while another 

hydrolyses these to galacturonlo acid (56)(57)0 

Yeast polygalaoturonaae, bowever p  catalyses a random hydrolysis of 

peotia acid to a mixture of galacturonobiose and galaoturonio acid through 

a series of oligogalacturonid.s (58)(59). Domain and Phaff (60) studied 

the action of yeast polygalaoturonaee on galaoturonobio.s, galacturono-

triose and galacturonotetrose and concluded that galaoturonio acid end 

group inhibits hydrolysis of neighbouring glyooeidto linkages. Thus 

galacturonobiose is net attacked by the ensyme and the rate of hydrolysis 

increases an the oligouronids chain lengthens* Patel and Phaff (61) 

have examined the action of the enzyme on oligomere of ge.laoturonio acid 

which had been modified at the reducing end and have shown that the 
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bond at the non-reducing end of the chain is protected from attack by 

yeast polygal acturonass. 

Although L rh*ose is contained in the main chain of pectins, no 

rhnose containing oligosaooharidss have so fez been isolated from 

enzymic hydrolysis. 	3 - xylopyrano.yl 	- galecturonia acid, 
however, has been isolated from the enzymic c1.gdation products of the 

pectic material from soyabee.n cotyledons (40). 

Enzymic degradation can also give unsaturated products • Pectin 

transsliminaas (62) gives not only the usual lower uzonidse but also a 

product possessing a galacturonic acid residue with a double bond between 

C4 and C, at the non—reducing end which would indicate that some type of 

trans.limination reaction was taking place, similar to that described 

earlier, with the enzyme only Rttaoking pectin and not peotic acid (xiv). 

'UV 

The efficiency of the enzymic attack, however, depends not only on the 

degree of eaterification but also on the length of the polygalacturonic 

acid chain and structural variations within the chain due to attached 

neutral sugars. The peotolytio enzyme from Bacillus polymyxa gives 
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similar products (63)(64)t attacking from the non-reducing end, but this 

enzyme is more active on pectic acid than on pectin and is therefore a 

polygalacturonia acid tranaelisinaac. Hasegava and Nagel (65) have 

characterized 4 	, 0< 	(4,5 - dshydrogalsoturoyiosyl) - D - 

galsoturonic acid, isolated by the action of this enzyme on pectin. 

Extraction of Pectin 

It is generally recognised now that the rather severe methods of 

extraction used in the early work which produced dieorete arabinans, 

galaotans, and galaoturonans, may have been instrumental to their 

formation by the degradation of a larger moleoule containing all three 

sugars. 

Pure galaoturonana were obtained by deliberate acid hydrolysis 

(8)(9) of neutral 'blocks'. This procedure would also degrade the 

galacturonan to some extent, 

Alkalins extraction was frequently used and this would inevitably 

cause degradation by a/3-elimination, type of seohanisa. 

The studies of Hullar and Smith (29) on sugar-best arabinan suggest 

that it is a degradation product of a larger pectic acid molecule. This 

is supported by the isolation of an arabinara from lucerne pectic acid with 

hot lime water (39). This arabinan could not be extracted with water but 

after its isolation was found to be readily soluble in water. Thus on the 

basis of solubilities it would aces to be a degradation produot. These 

results are in accordance with the conclusions of Barrett and Northoote 

(53) from which one would expect a mixture of polyssooharides if sugar-

boot and lucerne peotinio acids are degraded in the same way as that of 

apple. 



Before commencing extraction, hr.ver, any ensymse present must be 

Inactivated by treating the freshly out material with 90 1a ethanol • This 

also removes colouring matter, acids, and sugars. 

Cold water extraction is the least likely to produce degradation but 

the AolL of pectin is not high. Figber yield.s of pectin are obtained 

by the use of hot water (above 600)9  mineral acids, alkaline reagents, 

and certain salt solutions of which ammonium oxalate is the most commonly 

used q  9Cfu extraction of pectic substance being reported by Whistler, 

Harris, and Martin (66) after two successive eight hour periods at 900. 

However, the use of these more efficient methods is likely to promote one 

of the previously discussed types of degradation* 

Thus it would secft that cold water extraction and extraction in hot 

solution, buffered between pH 4  and 5p are the only methods for extracting 

pectin that are not liable to canse degradation and in order to safeguard 

against degradation, efficiency must be sacrificed.. 

Fractionation of Peotia 3ubstanoa 

Two types of problem are encountered in the fractionation of pectic 

substances, the vvi,,watlon of acidic polysacoharides from neutral poly-

saccharides and the further fractionation of acidic polysaooharidas of 

varying said content* frequently, non-solvent precipitation effects a 

degree of fractionation of a mixture of acidic and neutral polysaooharidss, 

the acidic poly.aooharidss being precipitated more readily. Furthermore, 

selective precipitation of the acidic polysacaharides can be achieved by 

formation of the insoluble salt of the acid (copper, calcium or quaternary 

ammonium) but acidic polyeaoobarides are not always ob*ained in a pure form 
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due to co-precipitation of some of  the neutral polysacoharides, ffowe,or, 

in some cases neutral polyssooharides have been isolated in a pure form 

from the supernatant liquid by this tsohniui. 

Chromatography an dintbylaminoethylo.11ulose provides an analytical 

proco 	for distinguishing between plysacoharid.s on the basis of the 

acidic sugars present. Neukom pJ al (67) subjected a pectic acid from 

sugar-beet to this chromatographic technique and found that the fractions, 

on hydrolysis, gave galsato.e and arabinose residues as well as those of 

gal..cturonio acid which supports the hypothesis that arabinoas and 

galactose units are bound to the galacturonia acid units in the poly.t. 

aaoobarjde through glyoosidio linkage.. 3imilar results were obtained 

from citrus pectin, apple pectin, and sugar-beet pectin by Zitko, Rosik 

and Vsatko (68) but in addition tao; isolated a neutral component, which 

was either an arabinogalaotan or an arabinan and gal act an, from each sample. 

This procedure, however', cannot be conveniently employed to separate larger 

quantities of polysacoharide because of the low capacity of the ionu'xotianga 

medium and the large amounts of buffer solution needed to &ssorb the acidic 

polyssoohazidse. I

- iu the present investigations, large scale 

separation of acidic and neutral pol3reaochaxjdee by ion-exchange chromato-

graphy has been achieved using diethylaminoethyl 3sphadsz A - 50 which has 

a such larger capacity than diethylaminoety1coIloee. 

Moving boundary elsotrophoresie has been used to determine the 

homogeneity of pectic acid saaplui (14,' ( 5) ,53,,,  .. has zone electro-

phoresis (53) but the sensitivity of suoh method  a may not be great enough 

to detect small quantities of neutral poly.accharide. 
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Acidic polysaccharides of varying acid content and varying methyl 

ester content have been separated on &tethylaminoethyloellu]os. (67) 

and moving boundary elsotrophoresis (14) (15). 

The subfractionatiou of related acidic polysacoharid.s on a 

preparative seals is described in two separate papers. Timsil and 

Bhattaohaxje. (15) further fractionated the ammonium psotats from the 

bark of amabilis fir by acidifying the solution and removing the 

precipitated galactuxonan by ultracsntrifugation. The soluble material 

contained both galacturonjo said residues and those of arabinose and 

galactose. Zitko and Bishop (14) fractionated pectic acids from sun-

flower heads, sugar—beet, apples and citrus fruits by precipitation with 

sodium acetate to give in each ease a galsoturonan, free oz nutrsl 

sugars, and a series of acidic polyaaooharides containing both 

galacturonic said residues and neutral sugar.. The results would seen 

to justify the earlier conclusion by Aapinall and Caas - Rodrigues (36) 

that pectin might consist of "a mixture of acidic polysaooharid.s, one 

composed solely of D - galacturonia acid residues and the other or others 

containing both ntaL sugar. and D - galsoturonia soLd residues". 

However, in both cases, conditions were such that there may have  been 

degradation of the type described by Barrett and Northoot. (53) although 

the MtLors think it unlikely. 1iia•ll and Bxiattaohaxjee extracted the 

pectic acid using hot potassium acetate and hot ammonium oxalate solutions 

d Zitko a!id s'p de—eaterified the samples with alkali before 

fractionation. 



Thus in Pectin ohii.try one of the nain diffioulties is in obtaining 

an undsgradsd sanpie on which to oarr- out structural investigations. 
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3CTION 2 

This section oono.rns a study of some •xtraoellular polysaoohsrid.m 

obtained from the incubation of syo.eore cambial calls in a solution of 

sucrose by Dr. P. Albsrsh.ia. The investigations were carried out in 

order to ooapa.re the structure of the sxtraoellular polysaccharides with 

those extracted from cell walls in woody tissue. 

Cell—wall Folyscoharid.es 

Cellulose is the major constituent of plant cell-walls. It exists 

in long thread uke eacromolsoules, arranged in bundles which are so well 

organised in certain areas due to hydrogen bonding between free hydroxyl 

groups in the 0 4 4) linked 13 - 1) gluoopyz'anoss residues of adjacent 

molecules that cryatallinity is observed (69). Interspersed between theee 

regions are amorphous regions which appear to be rich in lignin and other 

polysaooharid.es known as 'bsintoelluloaea', and some peatin. The exact 

function of the hsmioelluloaes in the  cell wall is not known, for while they 

certainly contribute to the rigidity of the cell wall, many seem to be 

concerned with metabolic processes. 

The extraction of beetoelluloses often requires strong alkali, 

which can result in degradation and chemical modification of the polymers, 

and it has been suggested that the difference in solubility of these 

polyeaooharides before and after extraction may be due to a chemical 

combination with lignin or a physical restraint which individual polymers 

impo.e on the solution of each other and especially the restraint which 

lignin imposes on the polysacobarid.s by interpenetration. 
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The hsmioallula,r extracts contain a small number of structurally 

distinct families of poly.aoaharjdss which can be classified by the 

'ss.noe of similar arrangements of sugars in the main chains. 

The zylan family has 0 - 4) - linked 6 D - xyl.pjrano.. residues 
/ - 

In the main chain and contains a hcmopoly.aookarids of zylos•, and 

zylans substituted by 4 - 	sthyl-) - glucuronie amid residues or by 

both 4 	asthyl-D-gluauronic acid and L arabinoss residues (70) 
AN 

(xv ). 
'4/3 —"Xyl1 ' '4/3 	y' "4/D...X7lZ1 •• •4/3D.yl1 "4/3 D..XylZls 

3 	 2 	 3 

I 	 I 	 I 

'l'hs characteristic main chain links* of the gluooaannari family is 

0 . 4), /3 	- gluoopyranos. and/3 - 	mannopyranose residues both 

being contained in the main chain. The second polyssocharids in this 

family contains Dgalactose,  residues attached to the main chain. (70) 

(xvi) 

• .4/3 .ManZl 4 4,/3 . 0ZI 4 4/A -'aa11 4 4/13 Man11 

0s12. 	 xv' 

A third family of hastoellulo.e poly.acoharidss is the arabino-

galsotan group which contains (i - 3) and (1 - 6) linked 

gslaotoprsnoss residues* The L arabinoss and 	galsotose structure 

may also be substituted with £ - gluouronic said. (70) 
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The fractionation and purification of the.. polyeaooharideø in often 

difficult and only recently have satisfactory methods been developed in 

this field. 

3joasoxe Cambial 0s12s 

Woody tissue contains three types of cells which are named phiosm, 

cambial and xylem depending on their ittion In the tree '."Tir), the 

osabial celle being the growth oell. 	 Xylem 
Carnbturn v 

PhloQrA  

Bark  

XVI I 

Thornber and Northoote (71 )(72)(73) have investigated the changes in 

Chemical composition of & oambial cell during its differentiation into 

xylem and phloem tissue in the sycamore. The results shoved that 

secondary thickening of the cambial cell wall occurred by the formation 

Of o<-. cellulose, hemicellulose and lignin with little change in weight 

of the poetic substance., and that the secondary thickening was accom-

panied by the formation of gluoana 56 - 67; x.yl.x*a 20 - 30%; u.ronio 

anhydride 8 - 11A; and mannans 2 - 6% but little change occurred per cell 

of the amount of axabinan., and galeotan. decreased. (Pig 1.) give. * 

disgr.aatio increase in the weight of component, per cell. 
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Extracel lul ar Polysanohari dee 

Although many extraoellulaz polysacoharidse have been isolated from 

aioro..orgenisma, grovn in a sugar medium, and their structures studied 

(74 ) (75 ) (76 ) (77), the extracellular polysaccharides from syoamoze cambial 

cello are the only extracellular polysaccharides from plant cell, that 

has so far been reported in the literature. 

Albersheim et .1 (78) found that sycamore ',sr pe.udoDlatanl2a) 

cells grow rapidly in complex yeast extract medium to secrete the poly-

saccharides, which have been studied in this thesis, into the culture 

medium. These polyasooharid., are reported to be similar in composition 

to the nonoelluloeio wall polysaochariden of the cells and differ slightly 

from the composition of sycamore cambial cells from the intact tree (71) 

(72)(73). 
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Powdered lemon peel was kindly supplied by Mr. U. 0. Platt of the 

Ventura Coastal Lemon Corporation, Ventura, California, U.S.A. The dried 

V"2 had been previously extracted with propan-2-o2 to remove lemon oil and 

gave on hydrolysis galaoturonic acid, galactose, gluoos., arabinose, xylose 

and rheanosa together with a small amount of aanno.s. 

The extraction and fractionation procedures are summarised in the 

flow sheet on the following page. 

During extraction and subsequent fractionation, strict precautions were 

taken to avoid any possible degradation of the pectin, whether by acid or by 

a /3 - elimination type of mechanism, by kespin6 the pH of the pectin 

solution. between 4  and 5 ,  The amount of pectin solubilised by extraction 

within this pH range in odd solution amounted to about tO by weight of 

the peel which was extracted, It would appear that only part of the pectin 

is extracted under these conditions as extraction with hot acidic solution 

at pH 2 has yielded more pectin (10i). 

The pectin extracted with cold water was subjected to fractionation by 

non-solvent precipitation with acetone. After repeated precipitations, 

polysaooharid• lop 7X_7, + 216° 9  with uronio said content 75% and uethcxyl 

content 1097% indicating that apprc- !:. ' 

4(  of the oarboxyl 'oupeare 

•sterified, was obtained which contained mainly gslaoturonio acid with 

galactose and azabinose and small amounts of gluooss, xyloae and rhasnose. 

Ian-exchange chromatography of this fraction on diethylaminoethyloellulo.e 

showed that neutral polyeaooharidss, containing galactose and arabinose as 



35 

LION PEEL 

POLYSACC IIARIDE 
FRACTION 1 

COLD 
WATER 

POLYSACCRLRIDES 

ACETONE 
PRECIPITATION 

I 	I 
FRACTION 	FRACTION 	FRACTION 

2 	 3 	 4 
FRACTION 

5 

ACETONE 
PRECIPITATION 

POLYSACCHARIDE 
FRACTION la 

ACETONE 
PRECIPITATION 

P OLY C KARl DR 
FRACTION lb 

AC ETC NE 
PRECIPITATION 

POLYSACCIIARIDE  
FRACTION lo 

DEAR 
SEPHADEX 
CHROMATOGRAPHY 

7% I COPPER ACETATE 

P0LY3AO OHARIDE 	POLYSACCHARIDE 
FRACTICN 101 	FRACTION Iola 

ELUTED 
WITH 
WATER 

POLY3ACCKLRIDE 
FRACTION lo2b 

ELUTED 
WITH 
0.2N—FORMIC ACID 

POLY3AC C HARI DR 
FRACTION lo2a 

ELUTED 
WITH 
N—FORMIC ACID 

POLYSACCHARIDE 
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constituent sugar., were present. The.e pclyaaoobaz'ides amounted to about 

5% of the pctin. The acidic polysaeohaziden were eluted in two major 

peaks and a minor peek probably due to varying acid and eater content within 

the psotin. 

The amount of neutral poly.aoeh&ridsa was reduced to 4%  when a portion 

of polyasooharide fraction 10 was fractionated ,ia its insoluble copper salt 

(92) to yield polysacoharide fraction 101, 	+ 221 0 9 with urania acid 

content 76% and asthoxyl content 10.2. 

The neutral polysacoharidaa were finally removed by chromatography on 

diethylaminoethyl Sphadex A-50.  This ion-s 	gs se1.tta was found to 

have a much greater capacity then di•thylaaino.thylo.11ulo.e, being able to 

absorb at least a tenth of its own weight of citrus pectin, and was thus 

such more suitable for large scale separation.. 

Citrus pectin (polyaaoaharide fraction i) was absorbed on distbylaazinoethyl 

3ehadez A-50 which was eluted first with water followed by 092 	formic acid 

and N formic acid. The formic acid was removed by dialysis and the pH of 

the solution adjusted to 4.5 with potassium acetate which is soluble in 

ethanol and therefore do.s not precipitate with the polyaaoobsride. The 

pH was held at 4.5 during conoenir-::. 	 .3r1'is. the risk of any kind of 

degradation. 

Citrus peotinio acid (polysmooharid. fraction 1*2), LXJD + 217 ° , with 

urania said content 76% and aethoxyl content 10.2% shaving that no 

de-s.t.rjfjoatjon had taken plao•, was decorbed from the disthylaminoethyl 

Sephadex A-50 an the major fraction with N - formic acid and contained mainly 

gslaoturonio acid with galactose and arabinose and a small amount of rhsmnoae. 



37 

Ion-sxohnge chromatography of the citrus p.otinio acid on 

disthyliino.thyloellujose gave an citation pattern similar to that obtained 

from diethylaminoethyloolluloso chromatography of polynaocharide fraction lo 

•zospt for the absence of a peak corresponding to neutral polysacoharicisa 

confirming that a *ars psotinic acid free of neutral polyvacoharides had 

been obtained. It is probable, hovvex, that the citrus peotinio said 

contains a limited spsotra of polymers of varying acid content and varying 

methyl ester content from its resolution into three peaks on diethylaminoethy1 

cci lul oss. 

The material eluted with 0.2L - formic aci.. contained polysaccharide 

fraction 1o2a, [C7D + 78° , urania said content 27%,whioh contained mainly 

galactose and arabinose with a small amount of galacturonio acid. 

The water eluates contained polivaeoharide fraction 1o2b, CDJD + 380, 

with urania said content 10% 0  which gave mainly galactose, arabinose,aM 

glucose an hydrolysis together with lesser amounts of xylo.., fuocee, and 

rhaanoee, and a trace of gal aoturonio acid. 

It is possible that aoi&to degradation may have taken piece during 

desorption of the citrus peotinic acid with formic acid but this is thought 

unlikely since no carbohydrate mat en 1 	present in the supernatant 

solution after precipitation nor was any other fraction present on 

reobromstogrspby of the peotinio said on diethylaminoethyl Sephadex A-50. 

Thus it would seen likely that the peotinia said isolated by 

chromatography on diethyla.ino.thyi Sephadex A50 is $ genuine OXMple of 

citrus peotinio acid and that the neutral sugars detected are component 

sugars of the pectin molecule. 



Citrus pectin was examined with a view to obtaining evidenos of the 

linkages between the various sugar components. Polysaooharide fraction 

lot was subjected to partial hydrolysis studies designed to release acidic 

oligoeaooharide and poly.acohe.ride fraction to was degraded by a 

commercial pectinass preparation in ctd.sr to obtain further evidence of the 

linkagss between neutral 	cidues and galacturonio acid. The 

presence of a small amount of neutral polyssooharides in the.e fractions 

is immaterial as only oligo.aooharid•e containing acidic units were 

considered. Citrus pectinio acid was subjected to graded acetolysia to 

obtain information on the linkages between neutral sugar residues them-

selves as well as l .1..r.en neutral sugars and galsoturonia acid. Further 

structural informati was obtained from methyl ati on studies on carboxyl 

reduced citrus pactinic acid. Information on the structures of the 

polyssocharides present in poly.aoohari&s fractions 1a2s and lo2b was also 

obtained from methylation studies. 

Partial Degradation of Citrus Pectin 

Treatment of citrus pectin (polyaaooharide fraction lot) with N 

sulphuric acid resulted in the formation of a mixture of acidic 

oligosacoharides, galacturonia acid, and neutral monosaccharides together 

with an insoluble degraded polysaccharide which contained mainly 

galsoturonia said with very small amounts of glucose, aazmose,and xylose. 

Chromatography of the aixture of sugars on charcoal gave a number of 

fractions when eluted with water follow" by water containing 35% ethanol. 

The first of the fractions eluted with water contained galsoturonic acid 
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and oligoners of galsotuz'anio acid only. The later fraction, glutted with 

water and the on@ iluted with water containing 35% ethanol contained acidic 

Oligosaoohj, gslaoturonjo acid and neutral monoemehariaes and were 

suitably combined on the basis of the acidic Oligomweharides which they 
contained to give two further fraction,. This separation was unexpected 
as the *rpo.e of the 	 uam had been to separate 

the neutral 

monoesooharids, and some gal so turonja acid, which should  have been sluted 
with water, 

 from the acidic OliffoGacOhArIdOspwhich should hy been eluted 

with water containing 35% ethanol, and was attributed to the charcoal not 
having been washed with acid before use. 

The three fra 4  ems obtained from the charcoal column  wore each 
separated into acidic and neutral component, on di ethyl amino*tkiyl Ssphad.ex 
AIP25. The neutral components contained only menoaaccha_rj1., in the torn 
of "lactose, arabtnos., zylos., fuocee and rhamnoss together With trace. 
of 2 	methyl fuoos. and 2- 0 methyA zylose. The acidic component s  

were further 'sparated on disthylaminoethyl 3ephader AP-25 and, where 
necessary, on filter sheets to give six aoilio oli9080,001i. and some 

material which was immobile an paper ohromatogrspiiy and contained 

galac'turonjo acid only. 

The aoi&to oligoeacohari, which were present in the largest amounts 
were 4 o - (cx D - g&j&OtopyrWogyjurOnjO acid) 	- gala turcaic acid 
(xviii) and the polymer homologous tiisaoohxid., 9 0(-. 	galaoto.. 
Pyxanosyliwoujo acid - (i . 4) 0 (X- D - galaotopyrsnoay1j0 acid - 

0 -o 4) - - cx-. D -g&lsoturonio  said (xix) which irer's oharaot.rjs.d by 
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Ga1A144Oa1A 	 Gall A144asl1A1.4 Gap. A 

XVIII 
	

EU 

isolation of the calcium salts. The linkages in these oligouronides were 

confirmed by the reduction of the methyl glyoosida of each to the methyl 

glyoosides of the corresponding galsotobioss, 4 - - cK— =D - galaato-

pyranosyl - D galactose (xx), and galactotriose, 2 - CX - wn - galacto-'-

pyranosyl - (1 -0 4) 0  (< - D gslactopzanosyl 	(1 4 4) - 0 -C>-- D 

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

	

Qal I - 4 0*11 	 0*11 1 4 4 Gall 1 4 Gall 

xx 	 XXI 

products of the asthylated oligosacoharides. This was achieved by the 

formation of the respective methyl ester methyl glycosides to solubilise 

the oligouron.td.s in pyridine followed by triw.tbyleilylation and reduction 

with lithium aluminium hydrid, of the ether soluble products. 

The methyl glycosides of the neutral oligosacoharide., (xx) and (xxi), were 

then methylated. The methylated disaccharide obtained from sequential 

reduction and methylation of (xviii) gave on methanolysis the methyl glycosides 

of 2 9  39 49 6 tetra - 0 - methyl - 	galactose and 2, 3 9  6 fri - 0 - methyl - 

1)- galactose which were identified by gas-liquid partition chromatography 

indicating that the lini' age in structure (xviii) is correct* The methylated 

trisacoharide obtained from sequential reduction and asthylation of (XIX) 

gave on hydrolysis 2 9  3 9  4 9  6 tetra - 0 - methyl - - galactose, 

charaot.riesd as the crystalline aniline derivative, and 2, 3 0  6 fri C 
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methyl 	- galsotoss, characterised by conversion into the crystalline 

2, 3, 6 tn -Oaethyl -  .. - galactonoleoton., in the ratio of 11.7 

together with a small amount of 2 9  6 di - 0 - methyl - D galsoto.e which 
re44je, 	erise 

if assumed to be due to undsrasthylation ofL2,  3 9  6 tri C methyl 

galactose would isise the above ratio to 1:2 and confirm the linkage$ in 

structure (Xix). Und.rm.thylation of the same galeototnioss yielding 

2, 6 di - C methyl - D galaotose has also been reported by Jones and 

Reid. (ii). 

Two oligosacohanides containing rhamnoss and galaoturonio acid were 

also isolated.. The first of the.e gave the methyl glycosides of 39 4 di 

-msthyl - 	-rheno.. and 2 t  3, 4tri --methyl -D-galaotuxonio 

acid after methylation and methanolyeis and was ohax'soteri..d as 2 - - 

(o- 	galeotopyranosyluronia acid) - L rhamnose (XXII) by conversion 

into th crystalline methyl glyooeide psntaasthyl ether. The second 

contained galaotuxonio acid and rhainnose residues in the molar ratio of 

192:1 (87)(89) while the derived glycitol contained these residues in 1 

ratio of 2.2:1 showing that rhamnose was the reducinggroup* Mild acid 

hydrolysis of the glyoitol afforded 2 0 (cx 	gal aotopyranosyluronio 

acid) - L - rhamnose and 2 - 0 - ( cx-. D - gal aotopyranosyluronio acid - L - 

rhni tol while aethylation of the tstrsaaoohanids glyoitol followed by 

asthanolyeis afforded 1, 3, 4, 5 tetra - - methyl 	rhaivt4tol and the 

methyl glyoosides of 3, 4 di ç - methyl 	rKwiose, 2 9  3, 4 tn - 2. 

methyl 	- galeoturonie acid., and 2, 3 di - - methyl 	- gslaoturarllo 

acid. These results suggest that the sugar has the structure (LXIII). 
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Assuming that the configuration of the linkage from galsoturonic acid to 
,i3 

3alpA192Rha 	oAl2RhaI144aal1L1.92Rha. 

mi 
	 XXIII 

rhamnose is c as in the a1doblouronic said then it i' 'obable from the 

-b44.&r rotation of +92 that the configuration of the linkage from rhamnoss 

to galaoturonia acid in /3. 

In addition to these oligo.acoh&ridSs containing galactux'onia acid, two 

aldobiouronia acids were obtained which contained glucuronio acid. The 

first of these. gave gluouronic acid, gluourene and galactose on hydrolysis 

and on methylation and subsequent methanolysia gave the methyl glycosides of 

2, 	 3,5tr—'—methyl—' 
IM 

galactose. On the basis of this and the specific rotation of +6 0  which was 

similar to that obtained for the ss disaccharide isolated from soyabean.s 

(40)(41)9 it may be assigned the tentative structure, 6 - 0, - (/3 

gluooranoiylUXOriiO acid.) - - galactose (xxiv). The second gave 

gluouronic acid, gluaurone, and fuoose on hydrolysis and the methyl 

glycosides of 2 9  3 9  4 tn 	0 methyl I) gluouronio said and 2, 3 di 

C methyl - L - fucose after methylation and subsequent methanolysis. On 
) 

the basis of the.e cleavage products together with the .p44ea- rotat r of 

700 which was siiailar to that obtained for tM q disaccharide isolated from 

soyabeana (40) (41), the structure, 4 - C - (,$ - - gluaopyranoeyluronio 
Is 

acid) L fuooss (xxv) may be assigned to the disaccharide. 

O1A16OalE 	 OlA14?UO2. 

XXIV 	 xxv 
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A further sample of citrus pectin (polyssocharide fraction 1C2' was 

subjected to graded acetolysis which furnished an insoluble degraded poly-

eaoaharideoontaining ge.laoturonio acid only, and a mixture of mono- and 

oligosaooh&rides. This 1ture was separated 5n netr.l and acidic 

components on d.tethylaainoeth.yl 3sphadex A-2. The neutral components 

were composed mainly of galactose and arabinose with lesser amounts of 

zylose and rhnoee but there wer, no detootalple neutral oligosacoharid... 

The acidic components were further fractionated on diethylaminoetbyl Sephadex 

A-25 and q  where necessary, on filter sheets to yield oligoesrs of galacturonio 

said and three rhamnose and galaaturonio amid containing oligcisaooharides. 

The first of these was oharaoterieed as 2 - 0 - (0-. I) - galuoto-

pyranoeyluronio acid) - L - rhaanoe• by converion into the crystalline 

methyl glycoside p.ntaasthyl ether as before* The second oligosaocharide 

gave galaoturonio acid and rhamncso on hydrolysis and 2 - o - (cy - D 

galactopyranoayluronio acid) - L rK..nose and rhamno.e on partial 

hydrolysis while partial hydrolysis of the glycitol gave the earne aldo-

biouronia acid and rh*iitol. Sequential aethylation and methanoly.is 

of the trissocharide glyoitol gave It 39 49 5 tetra - 0 - methyl - - 

rhm'ii tol and the methyl glycosides of 3 9  4 di - 0 - methyl - L rhamnose 

and 2 9  3 9  4 tn - 0 - methyl - D - galaoturonio acid. These results 
$ pectu. 

together with the eptical rotation suggest that this fragment has the 

probable structure (xxvi). The third oligosaooha.ridewhen subjected to 

GaILA 1 2 Rha1 2 Rha 



hydrolysis, partial hydrolysis of the glyoitol and aiethylation of the 

glyoitol,gavs results which indicated that it was identical to the acidic 

tetrasacoharid.. (xxiii). 

Citrus pectin (poly.acohari&e fraction 10) v&s also subjected to 

ensysio degradation using a commercial pctane preparation. The 

degradation products were separated into neutral and acidic coaponints on 

diethylaminoethyl 3epZiadex A-25,  the acidic components being further 

fractionated on di.tbylamino*thyl 3.phadsx A-25 and, where necessary, on 

filter sheets to give four oligosaoaharida components. 

The first of these gave gslacturonio acid and zylose on hydrolysis 

while the derived gly-aitol gave xyloae only. 	Methylation of the 

glyoitol followed by aethanolyat. gay. 	2, 39 5, 6 tetra 	methyl 

- galsotonolactons and the methyl glycosides of 2, 3, 4 tri 	methyl - 
, piz 

1) xylose. On the basis of theee results together with the ep4#ee 

rotation and ohromatograpbic mobility it is possible to assign the 

tentative structure (xxvii) to the disaccharide. 

Xy111 1 3O.l1L 

XXVII 

The second oligosacahanide had twice the mobility of galsoturonic acid 

in Solvent B and contained 46 rhaanoe. (89)  but after hydrolysis of the 

oligosaoohanide and the glyoitol only rheano.e and rh*nItol respectively 

could be d.t*ctid.. Methylation of the oligosaoohanide followed by 

sethanolysis gave on gas-liquid partition chromatography the methyl 

glycoaide of 39 4 di - - methyl - - rh*mno.e and a number of peeks 
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which could not be identified& Examination of the absorption spectra of 

the oligosacoharide shoved that it had an absorption maximum at 231 of 

and when reacted with thiobarbituric acid (51) gave a reel coloured solution 

which had an absorption axiaui at 547 a p. 	 of the obroas. 

tographic nobility of the oligosacoharide 	the proportion of rhnoae 

it contains, it would appear that it I. $ disaccharide. The absorption 

maximum of 231 up of the disaccharide suggests that it contains an o' 

unsaturated acid. This is confirmed by the absorption maximum at 547 a 

obtained after the disaccharide had been reacted with thiobarbiturio acid* 

In light of this and the diBtinotive orange colour given by the 

disaccharide with aniline oxalate spray reagent and also from the isolation 

of 4 0  (4 deoxy 	- L - threo hex 4 - enosyluronic acid) D 

galacturonic said from other ensnio degradation studies (65) 9  the structure 

(xxviii) is suggested for the disaccharide. The CX configuration is proposed 

H 

XXVII' 
spcitic-  from the spttoril rotation of +87 . From the isolation of this unsaturated 

disaccharide it would appear that the pectinase Imepazation contains some 
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potin tranesliminase activity. The possible instability of the ç, /3 
unsaturated acid to acid could explain its absence on paper chromatography 

and also the unknown peaks on the gas chromatogram, which could have arisen 

from its degradation produot c products. 

The third oligoaaookiarid.. contained . 	turonic acid and rhamnoes 

residues in the solar ratio of 1.9*1 while the glyoitol contained these 

residues in the ratio of 1,1 0  Alkaline degradation of the oligosscoharid.e 

with triethylsaime (99) gave 2 	, - ( cx - 1) - galaotopyranoayluronl.o acid) - 

rhamnose. Senuential methylation, methanolysis and gas—liquid 

partition chromatography cf the glycitol gave the methyl glyao.idss of 

3,4 di—C. methyl -i. rha1lno.e and 2, 3, 4 tn  -'C — methyl —D 

galacturonic acid together with a peak which was not identified but was 

suspected to have arisen from ti• methyl ester or laoton. of 2 9  49 5 9  6 

tetra C methyl D - galaotoiio acid. In an effort to confirm this, 

- 	((X - D - gslaotopvranosyluronio acid) 	galaotonio acid was 

methylated as was 3 - ,a - N--,L galactopynanosyl - 1) galactonolactone 

(3 - 2 - 0<— 2 - galactopanosy1 - I) galaoto.. was kindly supplied by 
Dx. P. Co S. Dolan) and on methanolysia and gas—liquid partition chroma-

tography both gave a peak which had the sass relative retention tines on 

different columns as had the unidentified peak in the methanolysis products 

of the methylated oligoeaooharides. This evidence, however, is not 

conclusive an the gas chromatograms contained other peaks which could not 

be accounted for. 

An the ratio of gslaoturonic said to rhamnos. is 2*1, the oligo- 

saooharids must be a tnisaooharids or a hexasacoharide or so on. Prom its 
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mobility, however, it would appear to be a triaaooharid. On the basis 

of the formation of 2 0 (O( - I' - laotopyranosyluronio said) L - 

rhamno.e from alkaline degradation, the structure (xxix) is suggested. with 

GalL A 1 + 2 Rha1 I . ? Gal A 

the linkage between the rhannoas unit and the galacturonia said unit at the 

reducing end through either the 3 or 4 positions • This structure is 

substantiated from aethylation evidence both from the products obtained, 

3,4 di-2. methyl, Lrhamnoae2,3,4trj..O methyl .D.. 

galaoturonio said, and from the absence of any 1 9  3, 4 9  5 tetra - 

methyl L rhamn4tol and any 2, 3 di 2. methyl - - galacturonio acid. 

Although the evidence obtained from thO 00thYlation of  4 S 	(o 

galsotopyranosyluponjo acid) - £ - galsotonia acid and 3 2..— c(— JD- 
gslaotopyranosyl - D - galsotonolactone is not conolusive, it would suggest, 

along with the absence of any 2 9  3, 5 9  6 tetra - 2. methyl - - galaotono-. 

lactone or any 2, 39 4 9  6 tetra - a - methyl - .1) - gala.atonola.oton•, that 
the linkage in through the 4 position and that the triesooharide has the 

structure (xxx) • The suggested configurations for the two li nkages  are 

0' 	 /3 
GalL A 1 * 2 RhaL I - 4 Gal A 

- 	 xxx 

based on an optical rotation of +850
. 

The fourth oligoaaooharid.e contained mainly galacto.e together with 

glucose, arabinoss, z3rlo.e, rhamnose, galacturonia acid and probably a email 

amount of gluauronio acid. No change in the hydrolysis pattern was observed 



after formation of the glycitol or after alkaline degradation with 

triethylamine (99). Sequential methylation, asthanolysis and gas—liquid 

partition chromatography gave a complicated chromatogram from which the 

methyl glyoosidss of the following sugars were identified* 

2 9  3 9  4 tn - 0 - methyl - ,L - rhamnose 
2 9  39 5 tn - methyl. - 	 arabinos• 

39 4 di 0 methyl - - r'iose 

2 9  39 4, 6 tetra 	methyl - D - galactose,  , 

2, 3 9  6 tn 0 - methyl - I) 	galactose 

2 9  39 4 tn 0 methyl D 	galaoturonio acid 

This would appear to be a high molecular weight fragment containing a 

predominance of neutral sugar r.sidiies • The linkages between the sugar 

residues asia to be of the usual type found in pectin* but from the 

complicated nature of the gas obrosatograma it is impossible to draw any 

firm conclusions as to the structure of the oligosacohanide. 

Methylation of Carboxyl Reduced Citrus P.otinio Acid 

This aethylation was carried out in order to obtain more information on 

the linkage, present in the polysaoohanide. 

Citrus psotinio acid was reduced by the method of Re.. and Samuel (100). 

This involved the formation of the 2-hydroxyethyl eaters of the free acid 

groups in the pectin with ethylene oxide, aoetylation, and finally reduction 

with lithium borobydride of the aoetylatid, esterified pectin suspended in 

tetrahydrofursn. The reduced polysmocharide gave galactose as the only 

detectable sugar after hydrolysis • This was due to the relatively large 

amount of galactose present after reduction in relation to the other 

monosaccharides. 
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Kethylation of the reduced poluoohaz'ide and subsequent examination 

of the aethanolysed products by gas-liquid partition chromatography yielded 

the methyl glycosides of the sugars in table XXIV. 

TABLE XXIV 

Relative Amounts 

2 9  39 4 tn - 0  - methyl - L - rhannoes 	 tr. 

2 9 3,5tri- 0 -methyl-L-anabinose 	 ++ 

3,4di- methyl  ...rhtmnoa. 	 + 

methyl 	 + 

293di0-ethyl-1.uia..bjno. 	 + 

It - 0 - methyl - L - arabinose 	 t?. 

2 9  3 9  4 9  6 tetra - - methyl - D - galactose 	++ 

2, 3 9  6 tnt - - methyl - =D - galactose 

2,6d1--methyl-D-galactose 	 ++ 

It 39 49 5 tetra - 0 - methyl - L - rhamnitol was also detected in 

approximately the same amount as 3, 4 di - 0 - methyl - - rhamnome. 

The detection of a large amount of 2 9  3 9  6 fri - - methyl - D - 

galaoto.e indicates the essentially linear nature of 	'rolym.r. 

Mothy1ation of the Two Minor Fi-sotjoa •luted from Disthylamjothyl 
'Jephadox A-.50 

The fraction •lutsd from di•thylaainosthyl 3ephad.x A-50 with 

formic acid (polysacoharicls fraction 1o2a) was methylated, the fully 

methylst.d polysaccharide was methanolysed and the methyl glycosides of the 

sugars obtained together with their relative amounts are given in table XXV. 



TABLE XXV 

Relative A*onta 

2,3,4tri2a.tbyl-rhamtoa. tx'. 

2 9  3 9  5 tn - 2. 	methyl arabinoso 

29 3,4 tn 0simsthy1 ".'-axabinose in. 

3,4diø'0 umethyl-4 -.rhamnose in. 

2 9  3  di. C - methyl - L - anabinose .4+ 

2,5di-- methyl. --arabinoee + 

2 9  3, 	i p tetra 	methyl 	D 	galactose .2. + 
2,3,6tni-- methyl -,-galactose .4 

2,4,6ini-- methyl --galactose 4 

2 9  3, 4 tn - methyl , - 	galactose .4 

2 9  6 di methyl - galactose tx. 

2, 4 di methyl 	£ - galactose .4 

Hydrolysis of the methylated polysacohanide and examination of the 

aethylated sugars by paper chromatography showed that small amount, of 

L arabinose and 2 - C methyl - L arabinoso were present along with 

the sugars above. 

The fraction which was not abao'!'ed on dietbylamino.thyl 3.phadex 

A..50 (polysacohanide fraction lo2b) was methylated and the methyl glycosides 

of the sugars obtained after methanolysie are given in table XXVI along 

with their relative amounts. 
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TA812 XXVX 

Relfttivs Aaounts 

2 9  3, 4 tri -- methyl -D - zylose tx. 

2, 3, 5 tri - £ - m•thyl arabtnoas 

2, 3, 4 tn - 0 - methyl - L - arabinoss ti. 

tx. 

2, 39 4, 6 tetra - 2- methyl - D 	glucose tx. 

2, 3 di - 	, - m•thyl - L - arabinos. 
2 9  3 9  4 9  6 tetra 	£ - methyl D 	galactose + 
2 9  3 9  6tri0 ethyl .D..galactose ++ 

2, 3, 6 tn - 0 	methyl 	D 	glucose ++ 

2, 6 di - - methyl - D - galtotose tx. 

L - arabinoss and 2 - 0 - methyl - L - arabinose were identified in - 	= 
this same also along with the esthylated sugars above by p aper  chromato-

graphy aft.r hydrolysis of the fully methylated polysacoharid.. 

The failure to detect any methylated galacturonjo acid residues in both 

asthylated fractions and the change in optioal rotation from +80 to -95 
' in the first case and from +380 	0 

to -71 in the second same could be 

indicative of fractionation taking place during the iuthylatjon procedure 

or of ilkalirie degradation which would mesa more likely with the fraction 

absorbed on dtethylasino.thyl Sphadex A-50 as absorption indicates that 

only acidic polysaooharjd.e are present, 

0 • 
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EVALUATION OF THE STRUCTURAL INVESTIGATIONS 

The structural significance of the results obtained for citrus 

psotinic acid can be discussed in relation to their blaring on the 

galacturonan chain, on the rhasnose portion of that chain and on the .it•* 

of attachment and structure of aids chains. 

The isolation of galaoturonobio (xviii), glacturonotriose (xix), 
.0 

Oal1A 1940a1 A 	 G511A 144 G511A 144 G111A 

XVIII 	 XIX 

the indication of larger fragments containing gslaoturonic acid only, and 

the formation of a degraded polysaccharide containing predominantly 

galacturonie acid residues, as products of partial hydrolysis shows that 

citrus pectin has a typical pectic structure with basal chains of (i - 4) 

linked O(- D galsotopyranosyluronio acid residues (XXXI). This is 

• . . 4O- Gal2A1 44u.D-OalLA1 44bi.Ih.O$lZA144c*D_Ga1A 1... 

XXXI 

confirmed from aethylation studies on sarbozyl reduced citrus pectin which 

yielded a high proportion of 2 9  3, 6 tn. - 0 methyl - 	galactose 

indicating linear chains of the above type. 

The isolation of a number of oligosacohanidss from partial hydrolysis 

(xxii & xxiii), ao.tolysis (XXII, XXIII & xxvi), and insjaolyaia (xxx) 

containing both galacturonlo acid and rh-nose residues would suggest that 

00a11A142L..Rha 	 XXII 

oGalp,L1.i2ft-L..1tha1 4o(-D-Ga1EA1-2  L-Rha 	 XXIII 
am 

cg-D-OslA192/-.L.Rha1 92-Rha 	 xxvi 

O3alA1.2/..L.,Rha11 *4OalA 	 xxx 
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rhamiose is also a constituent of the basal chains of citrus pectin. The 

detection of contiguous rhamnome unit., no more than two have been found 

together, trisacoharids (vi), together with the preeenoe of alternating 

galmoturomlo acid and rhavoss unit., tetrasacoharide (xxiii), when 

considered with the high proportion of galaoturonio acid to rhaanoee units 

would suggest that the rhaanose units are present in groups in the basal 

chain rather than being randomly distributed. 

Oligosaoharid.sa containing galacturonio acid and rhasnose residues 

have also been obtained from lucerne pectic acid (39)(42), from the pectic 

acid from the bark of amabilis fir (is), and from the acidic pol3'maooharides 

from soyabsana (40)(41). 

If all the rhaaose unite are assumed to be contained in the basal 

chain, then the detection of 2, 39 4 tn 	C methyl 	rhamno.. and 

It 3, 4, 5 tetra 	methyl 	. rhamnitol from methylation studies on 

carboxyl reduced citrus pectin would suggest that a number of these 

residues are present at the reducing and non-reducing ends 	the chain, 

It 39 49 5 tetra 	methyl 	r-iitol being assumed to have arisen 

from the reduction of the reducing end group during reduction of the 

carboxyl groups. Only limited evidence in available regarding the 

glyooeidio configuration of the rhamnosidie  residue.. Hrsver, from the 
S 
optioo.l rotations of certain oligosaocharidea containing both galaoturonio 

acid and ihamnose, some are assigned a /5 configuration. 

The failure to remove all the neutral sugar residues on repeated 

fractionation can be taken as evidence that these residues are present in 

side chain. in citrus pectin and some indication of the sites of attachment 
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of these side chains is obtained from the detection of 3 — — methyl 

xhamnose and 2, 6 di 	, methyl — 	galactose on aeth.ylation cf carboxyl 

reduced citrus p.otinia acid. Ii• to the difficulty in getting complete 

methylation 2 9  6 di 	, — methyl 	— galactose oculd possibly arise from 

undernethylation of 2, 3, 6 tn 	— methyl 	galactose as it was 

detected as an undermethylation product from 	 galaotopyranoayl — 

9 4) — C — cx— D — gelaotopyranoayl — ( i 4 4) — =D - galactose. Rowever 

some of it at least must arise from the attachment of zylose residues to 

the basal chain as the peeudo.waldobiouronio acid, 3 — a — 3 — £ — zylo. 

pyranoayl — 1) — galacturonic acid has been isolated from enzymic 

degradation studies • These partially methylated sugars, then, suggest 

that branching takes place through the 4 position in some of the rhamrtoae 

residues (XXXII) and the 3 position in some of the galaoturonio acid 

residues (xxxiii). This would also appear to be the case in sisal pectic 

9''2 Rhap 1.'' 	 ••.4 Oal A 1.'. 
4 3 
'1' 

XXXII =III 

said (36) 9  lucerne pectic acid (39), the peotio acid from the bark of 

amabilia fir (15)9 and the acidic ol.iaocharidas from soyabeana (41), 

although, in these instances, apparent branching through the 2 position and 

both the 2 and 3 positions in some of the galaoturonio acid residues wan 

also detected. 

As regards the side chains themselves, the arabinose residues would 

appear to be present in a highly branched structure similar to that found 
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in poetic arabinang as aethylation studies on carboxyl reduced citrus 

peotinio acid have yielded 2, 3, 5 tn - 0 - methyl 	arabinose, 
2 9  3 di 	- methyl 	a.rsbinoae and 2 0 methyl - 	arabinose. 

This type of arabinose side chain is also found in lucerne pectic acid (39), 
The galactose residues, on the other band, appear to be present only as 
single non-reducing end groups as no evidence has been obtained from 

aoetolysie studies for (i 4 4) linked chains of galactose nssidu•s. 

This type of single unit side chain has also been found in lucerne poetic 

said (39) whereas chains of (1 • 4) - liza.i /3 - D - gslaotopyranose 
residues have been found in sisal peatlo acid (36) 9  commercial citrus 

Pectin (17), and the acidic polysaoahanjclee from soysbeans (40), (41). 

Xylose, fucos., 2 - 0 methyl foose and 2 	, methyl xyloae have 

also been detected in small amounts in citrus pectin but of these, only 

zyloss has been located in the molecule from the isolation of the pseudo-. 
aldobiouronie said 3 - -/3 •, xylopyranosyl - -ga1satinio acid 
which indicates that the xylose residues are linked to the basal chain 

through the 3 position in a few of the galaoturonjo acid residues. This 

pseudo-aldobjetu,onia acid has alco *en isolated from enzymic degradation 

of tragaoanthjc acid (43) and the acidic polysacahe.rjde, from soyabeaua (40). 

Acidic ohigoaaooharjd (xxiv) and (xxv) containing glucuronjo said 

have also been isolated from partial hydrolysis studies. Although there 

/3 =D - 01 A 1 6D.0a12, /3-. 	
- 02 A 1 4Fuo 

xxiv 

is no evidence for the location of gluouronic acid unite in citrus pectin, 
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It is almost certain that gluourerijo acid Is a constituent sugar as theee 

oligoesooharid.s have also been isolated from lucerne pectic acid (42) and 

from the acidic polysaccharides from soyabsan. (4Q(41). Similar oligo-  

saccharides has been isolated from tragaoanthto acid in which the 

gluouxonio acid residues are present as end groups on aids chains (94)0 

The small amount of polysacoharidse of low uronio said content (27) 

eluted from dietbylaminoethyl Sephadax A-.50 with 092 	formic acid were 

methylated in order to gain some insight into their structure. The 

detection of 2 9  3 9  6 tn -', and a small amount of 2 9  6 di - 	methyl 

1) galaotoss would indicate that some of the galactose residues are linked 

through the I and 4  positions whereas the detection of 2 9  39 4 tn -, 

2 9  4 9  6 tn -, and 2 9  4  di - 0 - methyl I) galactose would indicate 

that others are linked through the I and 6, and I and 3 positions. The 

arabinose residues would appear to be linked mainly through the 1 and 5 

positions from the detection of 2, 3 di C) - methyl L - arabinose 

although there is evidence from the presence of some 2 9  5 e i C - methyl 

- arabinees that zcna axabinose residues may be linked through the I and 3 

positions. Branching is also evident in the arabinose structure from the 

detection of 2 0 methyl 	arabinose and L arabinose which is not 

thought to be due to underaethylation, from the high aethozyl content and 

also from the absence of any unsethylated galactose. 

As this fraction was absorbed on diethylaainoethyl Sephadex A-50  it 

would appear to contain genuine acidic polysaccharides. The absence of 

any methylated galacturonio said residues is thus more likely to be due to 

alkaline degradation during s.thylstion rather than to inadvertent 



fractionation during aethylation. From the diverse nature of the linkages 

between the galactose residues it would appear that this fraction contains 

either an extremely complex acidic polysaooharids or a mixture of acidic 

polysasohari des. 

The small amount of polyaaooharides (uronio acid content 1 0%) which 

were not absorbed on diethylamino.thyl Sephadex 1-50  were also methylated 

and yielded 2, 3, 6 tn - 0 methyl D galactose and a small amount of 

2 9  6 di 	- methyl I) galaotoae an the only methylated galactose 

residues indicating that the galactose residues are linked through the 

I and 4  positions with some branching through the 3 position. The 

arabinoss residues seemed to be present in a peotia arabinan type of 

structure as 2, 39 5 tn 	Q methyl - - arabinose, 2, 3 di - 

methyl 	arabinos., and small amounts of 2 	methyl - L - arabinose 

and L arabinose were detected. The L - arabinoso is again assumed to 

an authentic product and not due to undermsthylation from the high 

methoxyl content arid the absence of any unothylated galactose* 

From theee m.tbylstion results it would appear that this fraction is 

composed of a peotic type arabinogalsotsn or a pectic axabinan and 

galactan together with some acidic polysacoharide which may have been 

removed by inadvertent fractionation during aethylation or have been 

subjected to alkaline degradation during methylation. The detection of 

2 9  3 9  6 tn 	0 methyl D - glucose would suggest that a contaminating 

gluoan of the starch type is also present. 



---I 

SUMMARY 

The basal chains of citrus peotinic acid, extracted from lemon pool 

with cold water, are oopos.d of 0 4 4) linked c'.- D galacto-

pyranosyluronia acid units interspersed with rhinose units which are not 

randomly dispersed but are located in group.. To the basal chains are 

attached side chains of azabinose units in a pectic arabinan type of 

str'aoture and galactose units probably as single unit end groups. Ky-loss ,  

unite are also attached to the basal chains through the 3 position in the 

galacturonic said unite. 

On the basis of the galactose residues this citrus p.ctinic acid 

In significantly different from commercial citrus pectin as, in that case, 

side chains of (i 4) - linked 	- gaiwotopyranose residues were 

detected (17). This could mean that the extraction procedure with cold 

water solubiliees a psctinio acid of high ester content and single unit 

galsotose side chains and more drastic extraction procedures such as used 

in the commercial process are needed to solubilise peotinic vtcj - - of lover 

ester content 	i' 	iive 1rger aide chains of galactose residues. 

Hot acidic solution has been shown to extract more pectin from lemon peel. 

(tot) but no structural investigations have been carried out on it as yet. 
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O!NRAL aThOD3 OF INV!.5TICATION 

Pai*r Chromatography 

ialitativs chromatographic separations were carried out on Whatman 

No. 1 paper. rxantitative chromatographic separations were carried out 

on Whitman No. 3 KM filter sheets which had previously been extracted for 

24 hours with boiling water. 

The following  solvent system. (v/v) were .aploysd to develop the 

chromatogram.. 

A. 	ethyl 11.. .a a pyridine a water. (10 a 4 a 3) 

Be ethyl acetate a scotia acid $ formic acid a water (18 a 3* Is 4) 

ethyl acetate a acetic said $ formic acid a water (18 $ 8* 3* 9) 

ethyl acetate a pyridins * acetic acid, water (5 $ 5* Is 3) 

2. butafld.1O1$ ethanol  water (4*1*5 upper layer) 

F. butan-2 one s waters ammonia. (200117*1) 

The Rx value of a sugar reform to its mobility relative to auger X. 

The RG value of a methylated sugar refers to its mobility relative to 

2, 3 9  4, 6 tetra 	methyl 	glucose. 

Ppp.r Ionophoresis 

El•otrophoz•eis was carried out in borate buffer at pH 10 (79) for 

4 hour., applying a potential voltage of 350 v. The K0 value Qf the sugar 

refers to its mobility relative to £ glucose, a correction being made 

for .1.otro.nd.oemotic flow b:, Incorporating 2, 39, 4 9  6 tetra - 	methyl 

D- glucose. 
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Chromatographic Spray Reagents 

Reducing sugars were detected by spraying with a saturated solution 

of aniline oxalate in methylated spirits. 

9ugar alcohols and small amounts of reducing sugars were detected 

with silver nitrate reagent (80). 

Sugar alcohols were also detected, with periodate-permanganate 

reagent (81). 

Column Chrom atogaphy- 

Cel1ulos  

Cellulose was washed with N sodium hydroxide followed by distilled 

water until free from a11i *  me cellulose was then added to the 

column, plugged with a layer of silver sand on glass wool, as a slurry 

and washed thoroughly with water. 

Charcoal Colur 

Activated charcoal was washed several times with distilled water, 

which was deoantd. The charcoal was then packed into a suitable 

column in a slurry, which was allowed to settle under gravity and was 

thoroughly washed with water. 

Charcoal—Celit. Column. (82) 

Charcoal was prepared as above. C.lite was washed first with 1 1 1 

hydrochloric acid followed by water until tree from chloride ions • A 

slurry composed of equal weights of charcoal and C.lito in water was 

added to a oolumn,plugged with a layer of silver sand on glass wool, and 



allowed to ..ttle under gravity. The column was then washed thoroughly 

with water. 

DEAS Cellulose Columns (67) 

tiethylaminoethylo.11uloee was washed alternately with 091 

hydrochloric acid and 0.1 N sodium hydroxide. After washing free 

from alkali with water, the column was packet as a slurry. The column 

was than generated in the phosphate form by elution with 0.5 1 - sodium 

dihyd.rogsn phosphate buffer (pa 6 9  2000 ml) and finally equilibrated with 

0.005 1 - sodium dihydrogsn phosphate buffer (pa 6, 1000 ml). The 	'- 

.aooharid• mixture, in a small volume of water, was absorbed on to the 

column and eluted with the desired buffers. 

DEAE 3s:phatsx Columns 

Di.thylàainoethyl 3spha4ez (i - 25 and A 50) was initially swollen 

In water and the finest gel particles removed by decantation. The gel 

was then washed alternately with 0.5 N sodium hydroxide and 0.5 1 - 
hydrochloric acid and washed iris of chloride ions with water. The 

3.pha4sz was then generated in the formats form by washing with 3 £ 

formic said and, after packing in a slurry, free acid was removed by 

washing with water. 

Gas—liquid rarti ti on C romategzaphy 

Qualitative separations were carried out on the "Pys Argon" instrument 

using the following columns s- 
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(s) 15% by weight of butan It 4 - &tol .ucoinats polyester on 

diohloro.u.d1thy1si1an treated Celite (80 100 mesh) at 175 0 . 

(b) 10 by weight of polyphenyl ether 5 bi. (w - phenozy 

phenoxy) bensen!7 on  dichloro-s&taethylejlaxie treated Celite at 200° . 

(a) ' 'y veipht of neopsntyllyool ad.: ta polyester on diohl3ro-. 

dimethyeilarie treated Celits at 125 ° , 150°  or 175° , 

(ci) 11 -P' by weight of di ethylene glycol suocinate polyester on diohlox'o-

dimethyleilans treated Celite at 150° . 

(.) 5% by weight of oyano etbylmethyl silioono on &tohlox'o-. 

d.imethylsil.ne  treated Cslite at 125 ° . 

Retention time. (T) of methyl glycosides are given relative to 

the mobility of methyl 2, 3, 4 9  6 tetra - - metb1 —/5 £ 
gluoopyranosideo 

vapiortjos were carried out under reduced pressure below 40 0 . 

Uydroly.i a 

Hydrolysis with sulphuric acid* auaples of poly.aoohari&s 

(5 10 sg) or oligoseacharidee (1 2 mg) vex's heated at 100°  with a 

givsn normality of sulphuric acid for the &•.ix'.d length of time. The 

cooled solutions were autraliuci with barium carbonate and the 

Precipitate was removed at the centrifuge. Any residual barium ions 

were removed with Amberlite IR 120(H) resin before concentrating. 

Hydrolysis with hydrochloric acid. Samples of methylated poly-

saccharides (5 - 10 mg) and oligoeaoohari&ee (1 - 2 mg)  were hydrolysed 

with N hydrochloric acid at 1000  for the desired length of time. The 



cooled solution was neutralised with silver carbonate and the precipitate 

was removed at the centrifuge. Any residual silver ions were removed 

with £mbirlits IR 120(H) resin before concentrating. 

(C) *ethanolysie. Samples of methylated poly 	:rid.. (5 10 ago) 

and oligosacoharid.. (05 - 2 'ig.)  were heated at 100°  in methanolio 4% 
hydrogen chloride for tho desired length of time. The cooled solution 

was nsutralia.I with silver carbonate and the irecipitats was removed at 

the centrifuge before concentrating the solution to a small volume in the 

presence of chloroform. 

Small 3oale Msthylatior*a (83) were carried out by dissolving the oligo-

saooharide (0.5 - 2 mg*) in Np j  dimethylformamide (0.5 ml.) and adding 

methyl Iodide (i ni.) and silver oxide (0.2 g.). The mixture was than 

shaken for 24 hr. • at room temperature in the dark@ Excess chloroform 

was added and the precipitate removed at the centrifuge before 

evaporating to dryness under reduced pressure. The , dinethyl-

formamide was removed by auotropio distillation under reduced pressure 

with toluene. 

Dsu1ylations were carried out by the method of l3onner, Bourne and 

McNally (84). 

Methoxyl determinations were carried out by the semi-micro Zsissl 

method (85). 

Estimation of SuRaz'e by Phenol-Sulphuric Acid Method (86) 

To the sugar solution (2 ml.) containing (20 150  p-g.) sugar 



(5 ml.). The solution was sized, set aside for 10 mm.e and kept at 

1 	.i. • 	 u for hexoses and 

Jc 15 	5 -er 	Ir3 	 :-• 	 - 	 -. 

Li..1in •f runi 	ci 	'ie 	2A 	 1€ 

To the sugar solution (1 al.) containing (5 — 100 p.i.g.)  of u.ronio 

acid at 00 was added concentrated sulphuric acid (12 *1.) and the 

solution was heated to 1000  for 20 mine • After cooling, oarbaeol. 

reagent (1 ml.) was added and the tubes left for exactly 25 mine* before 

measuring the absorbanoe at 520 a ii. 

Estimation of Urania Acid Anhydride by Dsoerboxylatjon was carried out 

using the deoarboxylation method of Anderson (88)0 

	

EemaorLaJ Rpp 	9ytne Hj4roohloide was carried out according 

to Disohe (89)0 

Thiobarblturio Acid Reaotion for cx 9/3 unsaturated acids Was aarrid out 

using the method of Albersheim, Neukoa q  and Duel (51). 

Qptioal Rotations were observed in aqueous solution., at 2O.2° , unless 

otherwise stated. 

Melting Pointe were determined either by using a Koflor hot—stage 

microscope or in capillary tube. 



oligosaooharidi (2 3 age) was dissolved in water and left 

t with excess potassium boroie. Any raining borohydrids 

troys& with Iab.rlits XR 120(H) resin, and the solution was 

.;aporated to dryness, boric said being removed by repeated evaporation 

; iit.e - J'1 

- 	Lati.il j'1 

The polysaoehazids (1 g.) was dissolved in formamide (25 ml.). 

The aclution was then heated to 400  and anhydrous pyridine (7 ml.) 

dropwise with vi,orua etirring.Acetio anhydride (18 ml.) and anhydrous 

pyridine (20 ml.) were then added dropwise with vigorous stirring at 40 

over a period of 2 hours. The aostylation was completed by vigorous 

stirring for 3 days at room tsap.rature. 

The solution was poured into loo-cold hy&roohlorio acid (2 N, 

200 ml.) and the acetylated pclyseooharide was removed at the centrifuge. 

It was thin washed with cold water and dissolved in chloroform, the 

remaining traces of water being removed by repeated distillation with 

chloroform • The solution was then dried over anhydrous sodium 

sulphate, concentrated and precipitated from light petroleum 

(B.!'. 60.800). After washing with light ptrol.um, the polyaaooharids 

acetate was dried over phosphorous pentoxide and paraffin wax. 

Aniline Derivative; were prepared by refluxing .qutaolsr portions of 

the sugar and freshly distilled aniline in ethanol for the appropriate 

tin.. The reaction was carried out under nitrogen in the dark and, 
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after evaporating off excess eolv.nt, the derimiive was reory.ta11i.ed 

from an appropriate solvent. 

Aldonolactonea were prepared by dissolving the sugar 00 100 me.) in 

water (5 al.) and adding bromine (10 - 30 drops)-, The mixture was left 

in the dark for 3 days and then exosss bromine was removed by aeration. 

The solution was neutraliaed with silver carbonate, centrifuged, silver 

salts precipitated with hydrogen sulphide, centrifuged and concentrated. 

The syrup was sxtraotsd with acetone and the derivative was crystallized 

from the appropriate solvent. 

Organio Solvents were purified and dried by aethoda quoted by Vogel (91). 



,i ._.• 	 S. 	. 	. 	i. 

:rntura Coastal Lemon Corporation, Ventura, California, U.S.A. The 

dried pe1 had been previously extracted with propan 2 ci to remove 

n Ldl and gave on hydrolysis the following sugar.; gsl&oturonia 

çalaotoae (++), glucose (+), mannose (tr.), arabinose 

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

temperature for 24 his. q the solution was centrifuged and the supernatant 

solution was poured into ethanol (4  vol.) containing 1 hydrochloric sold. 

The precipitated poly.aooharida fraction A was washed free of acid with 

ethanol, washed with ether and dried in vaouo. The residual peel was 

stirred in water (1.5 1.) for a further 24 hr.* and the solution treated 

as above to give polysaooharids fraction B, The supern&tr..t solutions 

from the ethanol precipitations were neutralised with silver carbonate, 

centrifuged and concentrated to syrup., fractions C and D, which were 

dried over phosphorus pent oxide in vacuo. 

The residue from the cold water extractions was then stirred in water 

0.5 1.) at 55 0  for 8 hr.s and the solution treated as before to yield 

polyaaooharid.e fraction B. 

?oly.aooharidm fraction. Ap B and F, vex. hydrolysed in N - sulphuric 
an 

acid and the hyd.'rolysat.a were chromatographed in solvent. A and Be 

Fraction. C and D were ohromatographed directly in solvents A and B. 



TABLE I 

fraction 0s1.A Osi. 0. Man. Ara. Xyl. Ifla. oligo(a) Wt. (g) 

A. .++ ++ ++ tx. +++ + + / 3.486 

++ ++ tx • +++ + + / 10457 

+ +++ + tx. / / ++ 0.066 

D. / + .++ + tr. / / ++ 00016 

I. +s.+ ++ + + +++ + + / 19028 

(a) Oligosacokaridsa 

tx. trace 

Polyssoahax'ida traction. A and B were combined and a sample of 

thee. (140 ago) was ohroaatogreph.d on diethylaminoethyl cellulose 

(30 g; phosphate form)* The column was eluted successively with 

0.05 It  0.10 , 0.25 and 0.50 	sodium dihydro'en phosphate buffers 

at pH 6 and finally with 0.50 M - potassium ohioride solution, fraction. 

(25 al*) were collected and analysed by the phenol—sulphuric said method 

for total sugars to give a plot of polyuaoobarids content against sluats 

(diagram I*)*  D.tails of the five polysaccharide fractions eluted are 

given in table II. 
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its 

(mg.) 

'jugwa can hyd.ro1yi 

GalA. G.A. Gal. CT. Man *  Ara. Xyl. Rha. 

0 0O5Mi..PO 4  11.7 / / + ti.  
901 +4 + + tr. + 4+4 ++  

001C?4-.F04  96,5 •++. / + ti. / + / ti. 

0 .25M-PO 4  41.7 +++4 / + ti. / + / ti'. 

005((u.PO 4  3.7 +4-44- / + ti, / + / ti. 

-- 'ti Fractionation by Non-solvent Precipitation 

he powdered peel (o g.) was stirred in water (1.5 1.) at room 

temperature for 24 his, at pif 4.8. The insoluble material was removed 

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

The insoluble material was again removed at the centrifuge and the 

supernatant solutions from both extractions were combined.. Acetone was 

then added to the solution with vigorous stirring until appreciable 

precipitation took place (1.5 vol.). 'r' 	recipitats was removed at 

the centrifuge, redissolved in water, and frees. dried. The supernatant 

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

frees. dried. Details of both fractions are given in table III. 

TABLE 111 

Fraction Vt. 

(g.) 

, o Sugars 	hydrolysis _on_  ____ 

GalA. Gal. 00 !an. kra. 'Cyl. "ha. 

Precipitate 9.006 +1890 
 0.206 Ii4 ++ tie ti. ++ ti'. tx. 

supernatant 10061 +1440 
 00314 ++ + + tx. +++ + tr. 
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o 	 eiitats on Diethylaminosthylo.11ulo.e 

sample of the  acetone precipitate (56 age)  was chromatographed on 

thylasinoethyloellu1oss (30 g.;  phosphate fern) as above. 	A. plot 

, I1 IT 

Sugars on hydrolysis  

(ag.) 	GalA. 	Gal. 	00 	Man. 	Ara. 	Xyl. 	Rh... 

3.05M-.PO 2.9 / + tr. tr. +++ + tr. 
-4 

.lCc-P0 	= 29.8 ++s+ + ti. / + / ti. 
—4 

i.25N-P0 	= 
—4 

11.3 ++#+ + tr. / + / tr. 

0.50!4-.PO 4 1.3 •+... + ti. / / tr. 
L_ 

Lar* 3c.ls ztr..tion, and ?r*otionstion by Non-solvent Prscjpjtation 

The powdered pool (1000 g.) was stirred in water (30 1.) at pH 4.8 

for 24 hr.* at room temperature. The insoluble material was removed at 

the centrifuge and extracted for a further 24 bra, at room temperature with 

water (30 10 at pH 4.89 The insoluble material was again removed at the  

centrifuge and the supernatant solutions from both utrsotiona were 

combined and poured into acetone (1 05 Vol*) to give a gelatinous 

precipitate which was washed with 70% aqueous acetone. The precipitate 

was thin dissolved in water and frasse dried to give polyssooharids 

fraction 1. 

Folys&ooharjds fraction 1 was dissolved in water (20 1.) and 

reprecipitated with acetone (1.5 vol.). The precipitate was then 

redissolved in water and freese dried to give polysaccharide fractionla. 
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e supernatant solutions from the acetone precipitations were 

nd ooncontrst.d, the pH being 1d between 4 and  5. During 

noentration a fine precipitate appeared which was removed at the 

rjd after washing with ether to give fraction 2. The 

tion was then poured into acetone (9 vol.) and the 

fuge, redissolved in water and 

raction 3. The supernatant t j  

)lution was again oonasntratsd, poured into acetone (25 vol.) and the 

ecipitate freeze dried as before to give pol3v.sooha.rid3 fraction 4. 

L5 supernatant solution was then concentrated to a syrup which was 

•.'1.d over phosphorus pentoxide Ln vaouo to give fraction 56 

Details of each fraction are given in table V. 

TABIS V 

h'sotion W't. 

(€1) 

D - 
augers _en_hydrolysis  

 GalA. '.. . Xanc Ara. Xyl. Rha. 

1 80 +193°  0.321 .+#+ + ti. / +4 + ti. 

Is. 75 +2000 
 09301 +44+ + tx. / ++ ti'. tx. 

lb 71 +2160 0.236 ++ti ++ tx. / +++ tx. tx. 

Ia 68 +218°  09310 --ti.i 4+ tx. / +++ tr. tr. 

2 1.6 n.d. / tx. tx. +4 / tr. tr. + 

3 8 +174°  0,357 •.t ++ tr, / + tr. tr. 

4 3.2 +122°  0.334 + 44 + + +4+ + ti. 

5 1.1 n.d.. / / / + / 	- tr. / + 

n.do not determined 



rornatorjhyi of 	o].aaccharice 1'act1ori ic. on :ietn-1uinoethi 	1u10 

sample of poly.aoahszidS fraction Ic (65 mg.) was ohro.atogrsphed on 

th.ylaninosthyla•lluloa• (30 go  phosphate form) as above. A plot of 

polysaccharide content against sluMs in given in diagram 3* and details 

of the fractions •luteI e 61van in table VI. 

TABLB VI 

luant Vt. 

(Mg.) 

  Sugars on _hydrolysis  

QalA9 Osi. 00 Man. Ara. Xyl. Rh.o, 

00025..PO4  394 / + 

o .05-PO4  107  +4+ + + + + tx • tx. 

00I0M...p04  30.2 ++ tx. / +++ tr. + 

0025J—rO4  16.1 ++ tx. / +++ tx. + 

1.8 ++*+ 4 ti. / + / + 

?raotlonatjon with Comm &oetats 

A sample of polyeaoohaxide fraction IC* (20 g.) founds urania 

anhydride (by decarboxylation), 75%1 OM., . 10.70 was dissolved in 

water (4 1.) and  7% oopper acetate solution (200 ml.) was .41.1 dropwies 

with vigorous stirring. The copper salt was removed at the centrifuge 

and decomposed by washing with acetone containing 1% hydrogen chloride. 

The precipitate was washed fro* of hydrogen chloride with ethanol, 

dissolved in water and the solution was frees. dried to give polysaoahaxide 

fraotion jol founds urania anhydride (by dscarboxylation), 76 

Oils, - io.2J. The supernatant solution was dialysed against running 

tap water until the blue colour disappeared, aoncentrstsd, and poured 



3 [ 2 

E 
cD 

0' 

E 

I 

U 
c 
0 
U 
C- 
0 

0 0•05 M -FcV '0.10i-FO 	1' 0•25-PO4  '' 0.50-1-PO4 / 

ELUANT 



• . 	 .-tonu  

given in table VII. 

ABLE VII 

ii~raotion Wt. I LC>JD 	C 

(g.) 

 Ug*X'$ on hydrolysis  

0.1k. 0.1 • as Lan. Ara. X,.yl • Rha. 

101 18.2 +221°  0.285 ++++ 	++ 	tr. / 	+++ 	tr. 	+ 

I C la i 	1.2 +142°  0.336 ++ 	++ 	+ tr.++++tr. 

.'oaatography of i'olyaaooharide raotion id on iothj1aninoothy1-
:i lulose 

A sample of poly.aoohaxids fraction 101 (60 ag.) was ohromatogx'aphed 

on di.thylaminosthyloelluloee (30 gi  phosphate for.) as above. A plot of 

polye.00haride content against •luate is given in diagram 4* and details 

of the fractions eluted are given in table VIII. 

TABLE VIII 

1uant Wt. 

(.g.) 

  Sugars on_hydrolysia  

GalA. We 0. )an. Ara. Xyl. Rh.. 

0.025!1-'PO4  2.8 / + + / + + / 
OAIOM-'PO4  = 28.8 .-.++ + tr. / ++ tr. tr. 

0025M..PO4 - 18.0 ++++ + tx. / ++ tr. tx. 

0.509_.PO4  8.6 -i .+ + tx. / ++ tx. tx. 

Trial ?raotjonationa by Chroaatograp1y on Dietw aminoetbZ1 S.thad.x A 5G 
eluting with Formic Acid 

A eaapls of poly.aocharid. fraction Ia (500 age)  was dissolved in 

the sinisum volume of water (20 .1.) and chrosatographed on iisthylasinoethyl 
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3sphadox A.'50 (59; format. form). The column was •luted successively 

with water, 0.IN, 0.2,, 0.4N 	 . C.(—', and 2N formic acid andfractions 

(20 ml.) were collected and .i1yesd by . phenol-sulphuric acid method 

for total sugars. A plot of polyeaochzide content against dusts is 

given in diagras 5 • 	0h fraction was stirred with Amberlite 4(B) resin 

to bring the p11 to 4.5 • During this treatment the fractions eluted 

with 006, and 2N formic said were absorbed on the resin and could only 

be recovered by washing the resin with 0 9511 sodium hydroxide. These 

fractions were disregarded. The other fractions were concentrated, 

precipitated with ethanol (2 vol.) and frees. dried, 

Details of each fraction are given in table IX. 

TABLE IX 

Eluant Wt • Sugars on hydrolysis 

(mg.) WA. Gal. 00 Man* Ara. Xyl. Rha. 

H20 6.0 / + ++ tx. ++ tx. / 

0.111-acid 3.8 / + / / + 

0.211-acid 1161 + + + / ++  

0 0411-sold 79.5 ++++ + tr. / ++ tx. tr. 

0.6N'4Oid 172.1 -n.d.- 

N-sold 65.1 -s -H-  + tx. / ++ / tr. 

211-acid 22.8 -n.d.- 

k further sample of polysaoohaxid.s fraction Ic (500  mg.) was 

ohrcaatosphed on diethylaainoethyl Siphadex A-.50 (5 g.; formate form). 



2 

OT HO1 - 	0'4j- 
I 	ELUANT 

0'6- 	
'l'

2 N- 

E 
0 

E 

C 
0 

0 
C- 

C 

1) 

I 



L:,.2NandN-.for&ioaoid, 

sluMsn being collected in bulk. The formic acid solutions were 

1 for 36 bro., potassium acetate was added to the solutions to 

As pH to 4.5 and the solutions were concentrated to small 

,ing the pH at 4.5 by addition of acetic aoid. The poiy- 

-ictions were then precipitated from ethanol (2 vol.) 

ataining 4 acetic acid and the precipitates were removed at the 

3r3tritugs. ]ach precipitate was washed free of sostia said with 

n01, "dissolved in water and fr.ese dried* 

tdio of te fr tifl3 	 iVO1 ifl t'1C 

Eluant Wt • 

(age) 

OMS  3ugars_on_hydrolysis  

GalA. arnie 00 han. Ara. Xyl. Rha. 

nod* / + + / + tr. / water 16.5 

C92N-'a.cid 30.4 nod* + 4+ / / + tr. ti. 

acid 265 9.5% ++ts + ti. / ti. tr. 

When the It - formic acid fraction was reohroaatoraph•d in this 

way, all the polysaccharide was •lutsd with N - formic acid.. 

Fr 

A sample of polysa.00haric3.e fraction 10 (12 g.) was obronatographed 

on disthylaminoethyl 3spiadx &-50 (100 g.j formats form). A 2% 



ted successively with water (i" i.), 0.2N— foreio acid (12 3.) and 

• - formic acid (20 3.), the sluate bein- t•.t.d periodically for poly- 

acoharide content by the phenol-sulphuric acid methods The formic 

1 solutions were dialysed for 36 his., the pa of the solutions was 

n adjusted to 4.5 by the addition of potassium acetate and the 

iolutions were oonosntrated, the pH being held at 4.5 by the addition of 

-told* The polysaccharide fractions were then precipitated from 

containing 4  aoetio acid and the precipitates were removed at 

The column was regenerated by elution with 	- formia acid (5 1.) 

followed by elution with water until the pH of the duste was above 4. 

A further sample of polysaooharids fraction Ia (12 g.)  was then 

fractionated as above (column It). 

A new column 	diethylaminoetb.yl 3sphadex A-50 was prepared before 

fractionation of the last sample of polyaaccharide fraction 10 (10 g.) 

(column III)* 

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

Column Sluant Wt 	- [C>]<  D 2. 3ugars on hydrolysis 

() GalA. Gal, 0. Ara* Xyl. Fuo. Rh.. 

water 0.180 + 370 0.248 ti. ++ + +4+ ti. tr. ti. 

I 0.24-said 09360 s 760  0084 + ++ / +44 / / ti. 

N-..oi& 6.842 +2160 0.562 ++++ ++ / + ti. / tr. 

water 0.196 + 38°  0.204 tr. ++ + + tro ti. ti. 

II 0.2.aøjd 0.381 + 78°  09204 + ++ / +4+ ti. 

a-acid 7.292 +2180  0.504 4+4-4 4+ / 44+ tr. / ti. 

water 0.146 + 38°  0.218 ti. ++ + + tie ti. ti. 

III 0.2 	acid 0.301 + 80°  0.196 + ++ / 44+ / / tr. 

I-aoid 5.869 +2170  0.602 ++++ ++ / 44+ ti. / tx. 

The polysaaah*ride fractions eluted with N - formic said were 

combined to form polysacoharide fraction 1o2o founds uronio anhydride 

(by decarboxylation), 76; 014., - 1 0922J. 

The polysacoharids fractions eluted with 0.2N formic acid were 

also combined to form polyeaooharide fraction lo2as founds uronlo 

anhydride (by d.aarboxylatien), 272 an were the fractions •lutsd with 

water to give polyaaooharid• fraction 1o2b. founds uronic anhydride 

(by dacarboxylation), iO%J 

Comatogrphy of Polysaccharide fraction 1c2 on DietIylaminoethyloellu.lose 

A sample of polyaaoohax'id.e fraction 1o2 (o mg*)  was ohrcastogrsphd 

on disthylaainothylcelluloes (30 g., phosphate form) as above. A plot 

of polysaooharide content against eluate is given in diagram 6. and 
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details of the fractions eluted are given in table XII. 

TABLE XII 

Wt. 

(ago) 

3ugare on hydrolysis 

GalA. Gal. 0. (an. Ara* Xyl. Rha. 

0i104PO ;  29.6 +.+ . t.• / tx. tx. 

0.25"PO4  15.0 ++++ ++ -i. / +++ txe tx. 

040.po4 - 1.7 ++ tx. / +++ tx. tx. 



M. 

PARTIAL TDROLY3IS QP' CITRU3 FECTIN 

Citrus pectin (polysscoharide fraction lol) (17g.) was heated at 

1000  in N - sulphuric acid (750  ml.) for 4  hr.. After 1 hr.e heating, 

degraded polysaccharide separated out and remained insoluble throughout 

the reaction. The degraded polyaaoaharida was removed at the centrifuge 

and after the addition of acetone (1 vol •) to the supernatant solution 

a further precipitate of degraded pc13oohari&e was removed. The 

supernatant liquid was concentrated to remove acetone and the solution 

vs. neutralised, partly with a saturated solution of barium hydroxide 

and finally with barium carbonate. The precipitated barium sulphate 

was removed at the centrifuge and the solution was concentrated, passed 

through a column of Aabsrlite Ifl 120 (H) resin and finally concentrated 

to a syrup. The residual barium sulphate was washed twice with a very 

dilute solution of eulphurio acid. (pH 4)9 the combined washings were 

neutralised by shaking with Amberlit LA I resin (5% v/v in chloroform) 

and then passed through a. column of Aab.rlite IR 120(K) resin before 

concentration to a syrup. 

The two precipitates of degraded polyeaooharids were combined and 

heated in N - sulphuric acid (500 ml.) at 100°  for a further 4 bra. 

The insoluble material was again removed at the centrifuge washed free 

of acid with water, washed with ethanol followed by ether and dried to 

give a degraded polysaccharide (5.94 g.) which on further hydrolysis in 

I - sulphuric acid at 100°  for 8 hz.e gave predominantly galsoturonia 

acid with traces of glucose, mannose and zylose. The supernatant 

solution was treated as above to give two further syrups. 
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The syrups were redissolved in water, combined, concentrated and 

dried, over phosphorus pentoxid.e in vacuo for 24 hrs. 

The combined syrups (8925 g.) were absorbed on charcoal (500 g.) 

and the squat column eluted with water (12 1.) at a rate of 60 ml./hr. 

Fractions (1 1.) were collected and suitably combined to give fractions 

A to F. The column was then eluted with water containing 35 ethanol 

to give fraction 0. Details of tLse fractions are given in table XIII. 

TABLE XIII 

r 

Fraction 

A 

B 

C 

D 

B 

F 

0 

Wt(g.) 
	

Sugars, RQalA  (Solvent B) * 

3.231 1.00(brown), 0.22(brown), 0106(brown) 

0.859 1.00(brown), 0.74(red),  0.22(brown), 0.06(brown) 

0-7M-  1.00(brown), 0.84(orange),  0.21(brown) 9  0.06(brown) 

0. 63 
	

1.00(brown) 9  0.84(orange),  0.21(brown), 0.06(brown) 

o • 283 1.00(brown), 0.42(red) 9  <0.1(brown) 

0.605 0.42(xed) 9  <0.1(brown) 

1-330 j1.00(brown)v   0.74(red.), 0.42(red), <0.1(brown) 

* Colour when chromatogram developed, with aniline oxalate. 

The fractions were thus combined as follows s— 

	

A to give I 	3.231 g. 

	

C & D to give II 	1.337 g. 

	

B,E,F&Gto give III 	3.077g. 

Fractions I, II and III were, in turn, chromatographed on 

diethylaaiinoethyl Sephadex A - 25 (30 g; formate form) and neutral 

sugars were recovered by eluting the column with water. The water 



in  vsouo to give a syrup (1.47 g.) which oontaind galactose, arabinoac. 

zylose, fuoo.e and rhai'ase together with traces of 2 - 0  

and 2 	- methyl zyloss. ?raga•nts containing one or two sci 

were desorbed by gradient elution with water containing 0 9 0.41 for:. 

acid. Further fragments containing two acid residues were desorbed 

•lution with 0041 - formic acid and fragments containing throe,  or - 

acid residues were dasorbed by & and 

oligoeaooha.rid.s were further separated., 

sheet ohroaa.tography. The formic acid slution patterns of oc1uan 

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

TABLE XIV 

Eluant 	 R0 	 Colour * 	Wt. 

(solvent B) 	 (g.) 

Water 

1.00 brown 0.601 

0.20 brown  0.307 

C'.4-.formic acid 

(.4N-foraio acid 020 brown (os ) 00253 

N..foraio acid 
— 

0 1.021 
• 0906 brown  

311—foraio acid 	 0 — 	 0.485 
0.06 	 brown 

* Colour when ohroaatogram developed with aniline oxelate., 

On refers to oligosaoohaxtde no 
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Colour • 	Vt. 
(3o1'  won t i) 	 (Be) 

Water 
0.36 pink 

0.063 
0.84 or.n€s (0 1 ) 

1000 brown 00106 
C.4'usformio sold 

0.4Ju.foraio soLd 0.21 brown (05 ) 00061 

N.'foraio aoid 
- 

0 brown 
 0.274 

0006 brown 

3"fornio acid 0 brown 

0.06 uram 
0.423 
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TABLE XVI 

[ 	!luftnt 	 R 	 Colour * 	Vt. 

(solvent B) 	 (g.) 

water 

0.33 yellow 
0.067 

0.74 rid 

0.09 red 

0.22 yellow °2 
0.34 yellow 

0.205 
0.42 rod 

0973 yellow 

1.00 brown 

0.22 iow (02) 
0.37 rid 

00189 
0.60 yellow (c 3 ) 
1.00 brown 

0.12 orftng. (0 
4 ) 

C.23 brown (05 ) 011195 

1.00 brown 

0042-formie said 

0042-formic acid 0.23 brown (os ) 	 0.042 

.-foreio acid 0 brown 
1.357 

0106 brown (06) 

32-formic acid 0 brown 
0.533 

0.06 brown (06) 
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ILydrolysis of the material from each column which was immobile in 

Solvent B gave galaoturonio acid only. 

Oligoaacoaride 1. 	(47 age) RGslA*  0.83 (Solvent B), K0 a 0.5 6 9 [c<JD 

+ 960 
( 	0.47) stained orange with aniline oxalate 	gave galsoturonia 

cold and rhamnose on hydrolysis and * chromatographically and 

ionophor.tioally indistinguishable from 2 0 (cx- D - galsoto-

pyxanosyluronic acid) £ rhamnoss. 

A sample of the sugar (2 ago) was methylated by the Kuhn procedure 

and methanolysie and subsequent gas-liquid partition chromatography gave 

peaks with the retention tin.s of the methyl glyooai&es of the following 

sugars. 

3ugar P (Column a) 

39 4&t 	9-aethyl - 	 - rha.no.e 0.97 

2 9  39 4 tn 	methyl 	galacturonia acid 6.9 

A further sample of the sugar (24 mg.) was aethyleted by the Haworth 

prooedure. Msthyl sulphate 0 ml.) and 30 roctium hydroxide (2 ml.) 

were added simultaneously to the '.ar in water (2 ml.) with constant 

stirring over a period of 2 hr.. Nitrogen was passed through the 

solution. Five further additions of methyl sulphate (2 al.) and W.  

sodium hydroxide (4 ml.) were made  on consecutive days. The resulting 

solution was heated at 1000 for 1 hr., allowed to cool and made acid to 

PH 4 before being poured into methylated spirits (8 vol.). The 

precipitated sodium sulphate was removed at the osntrifugs, the pH 



te 	a(L 	 .Ltwfl 	Qttu 	t.i • 	 VU. 

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

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

i.ted disaccharide which was orysiallieed and r-ryste.11i.sd  

xroform-light petroleum (.P. 100 — 1200  ) mixture. The 

rystals [cxJD + 91° (2 0.63 in chloroform) had a mop. and mixed mop. 

(Koflsr hot-stags aicrosoop.), mop. and mixed mop. 1190  (capillary 

) and gave an x-ray powder photograph and an infra-red spectra identical 

= (2, 39 4 tn — 0 — methyl-cx-' — galaoto.  

. - .  -. - z - ~- aniline oxalate  gave galsotase, 

luourou acid, and glucurone on hydrolysis and was chromatographically 

1 In- 	 3tic1J indistinguishable from 6 — 0 — (/3 — I) gluoo- 

Lfl1C a!a) —— galactose. 

The disaccharide was methylated by the Kuhn procedure and 

methanolyais and subsequent gas-liquid partition chromatography gave 

peaks with the retention times of the methyl glycosides of the following 

sugars. 

3u4W T (Column a) 

2, 3, 4 tn 	— fl.— methyl — D- gluouzonio acid 2.419 	3.12 

2 9  3,4 tn 	- fi - asthyl -D - galactose 7.11 

2 9  3 9  5 tnt — 0-methyl — 1)- galactose 434 



. 	¼I) •) Gal 	= ¼ 	- - 

- 	.00 (a 0.8) stained yellow with aniline oxalate, gays fuoose, gluauronio 

and gluourone on hydrolysis and was chromatographically and 

	

- ( 	- gluoopanesyl- 

The sugar was methylated by the Kuhn prooldure and aethanoly.is and 

iai..liquid partition chromatography gave peaks with the 

em of the methyl glycosides of the following sugars. 

T (Column a) 

3 di. - 	methyl - £ - tzooes 
	

1.06, 1.51, 2907 

	

2 9  3, 4 tri 0 methyl - - glucuronic acid 
	

2.44, 3.18 

lioaaoohai1e 4. (S  -.) 	0.12 (:o1vnt 	 (;civont ;), 

- c.67, L(xJD + 92°  (g 0.4) contained galacturonio acid and rhamnoss 

risiduss in the molar ratio of 1.2s1, u)i.tls the derived glycitol contained 

these sugar residues in the ratio of 2.2i1. Mild acid hydrolysis of the 

glyoitol, obtained by borohydride reduction, gay. 2 c- (o(- 

galactopyxenosyluronic acid) £ - rhamnoas and 2  

galactopyranosyluronio acid) 	rKs4 tol • The derived glyoitol was 

also methylated by the Kuhn procedure and asthaziolysia and subsequent ga.' 

liquid partition chromatography indicated that I t  39 4, 5 tetra - 

methyl L - rhamnitol if 1.10 (column o)7 and the methyl glycosidee of 

the following sugars were present. 



Sugar 	 T (Column a) 

3,4 4.1 — i. - asthyl -- rhamnose 	 0.86 

2, 3 di 0 - methyl - 	galacturonic said 	 4.49 

2, 3, 4 tn - 	methyl - 	galacturonio acid 	6.509 6.83 

iigosaoaharid* 5. (508 mg.) R 	 - 0.21 (Solvent B), • 0 050 (3olvent C)WA 

- 0.95 stained brown with aniline oxalate, gave on hydrolysis 

I acturonia acid only and was chromatographically and ionopheretioally 

iguishable from 4 	(cx 	- galaotopyranosyluronic acid) - 

- 	oturonio acid. 

. said (30 mg.) in water (io ml.) was neutralised with calcium 

:-,—aat* j  excess solid being removed by filtration. Acetone (2 vol.) 

was then added and the precipitated salt was filtered off, washed with 

acetone and .ther, and dried to give a white solid + 1150 L. 0.68 
in 095N hydrochloric acid). 

The acid (30 mg.) was treated overnight with asthanolic 1 hydrogen 

chloride (5  al*),, The solution was neutralised with silver carbonate 

and the silver residue was removed, by centrifugation before the solution 

was concentrated to a syrup (31 iig.). The syrup s  dried ever phosphorus 

pentoxid.e In vacua for 24 his., was dissolved in anhydrous pyridine 

(3 ml.), bx.metiiyldisilzsans (0.6 ml.) and ohiorotrimethyl iii ans 

(0.3 ml.) were added and the mixture was shaken vigorously for 30 sea. 

After standing at room temperature for 1 hr., the solution was 

evaporated to dryness and the residue extracted with ether (2 x 10 ml.) 



	

- 	 -.- 	 •. 	 ...ti. ;a. 	 . 	 - 	-, 	- - 	.J .. 	 '#.- 

2 age) which was redissolved in ether (5  al.) and z'efluxed with 

-..) for 2 hr.e with vigorous stirring. 

	

::itL-.: ;j.:- 	 -- I aostats was added dropwise until 

volution of hydrogen ceased indicating that all the remaining lithium 

iluminiva hydride had been destroyed. The precipitate was removed at 

the centrifuge and dissolved in 0.5 - sulphuric acid (3 al.). The 

- - - lion was neutralised with barium carbonate, deionised with Aaberlit. 

20(B) rosin and concentrated to & syrup (21 ag.) which was 

1at•d by the Kuhn proo.dm. • Msthwoly.ie of the methylated 

	

i - harid.e and 	subsequent 	—liquid partition chromatography gave 

peaks with the retention times of the methyl glyoosid.s of the following 

3Ugars. 

sugar T (Column a) 

2 9  3, 4, 6 tetra - 	methyl - 	- galactose 1.47 9  1.80 

2, 3 9  6 tn 	methyl 	D 	galactose , 2.88 0  3.74, 4014 

0ljgosaoohido 6 (923 ago) RQ,jA 	0.24 (Solvent C) L - 0.95 stained 

brown with aniline oxa.lat., gave on hydrolysiz gaxlacturonio said only 

and was ohxoaatograpbioally and ionophoretioally indistinguishable from 

£ —0< - - galaotopyxanosyluxonio said - (i 4 4) - 	- 0< - 	galacto- 

pyranosyluronjo said - (i 9 4) - a - cx— a - galsoturonic said. 
The acid (30 ago) in water (10 rzd.) was neutralised with calcium 

carbonate, excess solid being removed by filtrations Acetone (2 vol.) 



JD+ 1 35 0 72  

' ,5.. hydrochloric acid). 

The acid (ito age) was treated overnight with asthanolia 1 hydrogen 

L rj&• (20 au.). The solution was neutralised with silver carbonate 

isidusi were removed at the centrifuge before concentration 

111 ago )* The syrup, dried over phosphorus psutoxide 

vaouo for 24 hr.., was dissolved in anhydrous pyridine (12 ml.) and 

sxamethyldisilasaxua (2.4 ml.) and oblorotrimethylailan. (1 .2 ml.) were 

ddedo The mixture was shaken vigorously for 30 aso.# and allowed to 

9tand at room temperature for 1 hre before evaporation to dryn•as. The 

residue was extracted with ether (2x25 ml.) and the combined extracts were 

concentrated to a syrup (180 mg.) vich was redissolved in ether (20 ml.) 

and refluxed with lithium aluminium hydrid.. (350  ago) with vigorous 

stirring for 2 bra. The solution was cooled and the excess lithium 

aluminium hydride destroyed with ethyl acetate as above, The precipitate 

was removed at the centrifuge and dissolved in 0 951! sulphuric acid 

(12 .1.). The solution was neutralised with barium carbonate, dei oni s•d 

With Ambirlits lB 120(H) resin and concentrated to a syrup (87 ag.). 

The syrup was dissolved in water (2 ml. )and methyl sulphate (4  ml.) 

and 30 sodium hydroxide (8 ale) were added dropvise with vigorous 

stirring over a period of 2 bra, to the solution under an atmosphere of 

nitrogen. The additions were repeated each day for a further four days 

and on the sixth day the solution was heated on a boiling water bath for 
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1 hi., 000led, centrifuged, and the pH of the supernatant solution adjusted 

to 4 before extraction with chloroform (4 x 60 ml.)* The combined 

chloroform extracts were dried over anhydrous sodium sulphate and 

concentrated to a syrup (73 mg.) which was dissolved, in methyl iodide 

(io ml.) and r.fluxed with silver oxide (100 age) for 16 his. The 

mixture was filtered and the residue was extracted in a Soxhist extractor 

with chloroform for 8 bra • The filtrate and extractions were 

combined and concentrated to a syrup (66 mg.). A sample of this (6 mg.) 

was methanolyeed and subsequent gas-liquid partition chromatography gave 

peaks with the retention times of the methyl glycoaid.e of the following 

sugars. 

Sugar 	 Relative 	T (Column o) 
Proportions 

2 9  31 4 9  6 tetra-ç-methyl..T.1 -.galaotoee 	+ 	 1.509 1.85 

2, 3, 6 tn  -  - methyl-D.galaotos. 	++ 	2.94 9  3.82 0  4.25 

2, 6 di-'methyl--galaotoae 	 ti. 	8.40, 9.64, 11.3 

The n.th.ylated tnisacoharids (60 ago) was hydrolyeed in N - 

hydrochloric acid (3  *1.) at 100°  for 8 his. The solution was 

neutralised with silver carbonate, centrifuged and deionissd with 

Ambenlits IR 120(11) resin before concentrating to a syrup (57 age), 

The syrup was absorbed on a oharcoal-Celite column (20 g. I:1) which was 

eluted with water containing increasing quantities of ethanol to give 

three fractions. 



Oh 

J'raotjn 1. (4 ago) n0  a 0.56 (Solvent 3), - 0.19 (Solvent r), gave 

on methanolysis and subsequent gas-liquid partition chromatography peaks 

with the retention tieso of the methyl glycosidea of 2 9  6 di 	- methyl - 

1) galactose only. 

sotion 2. (29 age) R0 a 0.76 (lv.nt 3), . 0.51 (solvent F), cxJ D 

+ 820 (t 0.58 in chloroform) gave on asth.nolysie and subsequent gas-

liquid partition chromatography peaks with the retention times of the 

methyl glyoosirtaa of 2, 3, 6 tn 	methyl 	- galactose* The 

sugar was oharactarised by conversion into 2, 39 6 tn 	, methyl 

galactonolactons, which on rmox'yatallieation from ethanol had 

m.pe and mixed a.p. 97 9$0 

Fraction 3. (17 age) R0  - 0.89 (Solvent 3), 0.86 (solvent F) LXjD  + 

970  (2. 0.34 in chloroform) gave on methanol rmis and subsequent gas—liquid 

partition chromatography peaks with the retention times of the methyl 

glycosides of 2 9  39 4, 6 tetra Q, - m•thyl - 	galactoas. The sugar 

was oharaoterissd as the crystalline aniline derivative which had a.p. 

and taict mope 196 - 197 0 



LLth 	 1.1ysaooharid.• fraction 1o2) (12 g.) was aoetylated 

oribs4t in "General kethd' giving an ac.tylatsd polyeaocharid.e 

12.3 g.). This material was d.tsp.rsed thoroughly in aoetio acid 

tdi'id• (320 ml.) was added dioi.e with constant 

. 	.. 	•. sulphuric acid (32 ml.) was then added ovez i 

riod of two hours with vigorous stirring which was continued throughout 

he reaction. After about 30 hrs., a scum appeared which increased in 

quantity. After 75 hi's., the solution was centrifuged and hydrolysis of 

the residue gave galacturonic acid, only, The supernatant solution was 

poured into ice—water (1 1.) and the precipitated so.tylat•d products 

were removed at the centrifuge. The precipitate was extracted with 

chloroform and the aqueous Supernatant solution was brought to pH 3 with 

sodium bicarbonate before extracting it, also with chloroform (4 z  150 ml.). 

The combined chloroform extracts were dried over anhydrous sodium sulphate 

and concentrated to a syrup (64 g.). The syrup was dissolved in 

chloroform (is ml.) and methanol (30 ml.) and dsao.tyls.ted with 0.51 

barium aethoxid. (30 ml.). After leaving at 00  for 24 hr.., the 

solution was poured into water, nsutralissd. with dilute sulphuric acid, 

and filtered, barium ions were removed with Aabsrlit. ZR 120(H) resin, 

and the solution was filtered and concentrated to a syrup (290 go)* 

The syrup was absorbed on a column of &t*thylaminoethyl Sphadsx 

A - 25 (25 g., format, form) and elution with water, followed by 

concentration furnished a syrup of neutral sugars (181 ago). This 

syrup was applied to a oharooal.-CIlitI column (20 go iii) and 



	

aariueu (124 o•,, inciu4iuç 	a.aio, arabinou 	ia an 

juaaititisa of ethanol • Blution of the disthylinoith4 3epb.i1dax A-'25 

uan with 0,051 formic acid yielded fraisnts containing one acid 

Adue and gradient elution with O,05N - formic acid containing 

formic acid yielded frsaanta containing 

r fragments containing two acid residues were 

luted with 0.4_  formic acid and f.agnants containing three or more 

e sluted with 11 and 3 	tomb acid. The olig 

ther separated, where necessary, by filter sheet 

PLBII XVII 

Bluant 	 RWA.. 	 Colour * 	wt. 
(3olvsnt ]3) 	 (g.) 

C.0-formic said 0.49 orangs  0.019 
0.77 orange (0) 0.042 
1000 brown 0.711 

00 	acid 
(.12 orans  

00062 0.22 brown  
4N-. 00 	formic acid 

0 04frfornic said 0921 brown 0.103 

fr'formio acid 0 brown 
0.606 brown 

39-formic acid 0 brown 
0,06 brown 

• Colour when oromatogram developed with aniline ozalatso 

on refers to oligossooharid.e n. 



aO1r3i$ of tae ira.eticn 	 C.4_, ,, 	- 

iaoturoziio acid only. 

4goaaooharide 1. (20 mg.; •lutsd with 0.05 	formic acid.) R oma, a 0.77 

olvent B), 9 0  a 0.55, LO.7D - + 900 (2 0.4) gave galaoturonio acid and 

nose on hydrolysis and was chromatographically and ionophor.tioa3ly 

3tinguishabll from 2 	- ( o - 	gal aotopyranoeyluronio acid) - 

- rhamnos.. Methylation of the sugar by the Kuhn method and subsequent 

--liquid partition chromatography of the methanolysed products gave  

:a with the retention times of the methyl glycosides of 3 9  4 di - — 

	

rhamnose and 2, 3, 4 tn 	0 methyl 	- gslaotuz'onio 

Lylation of the sugar by the 'awonth procedure and orystsllioa'-

:on and reorystallisation from chloroform light petroleum (Bor. 100 - 

i20) yielded a. methylated disaoohanidewith m op and mixed mop 68 - 690  

ofl.r hot-stags iaioz'o.00ps) °<JD + 92°  Lo 0.3 in CaC1 3 ),whioh gave 

ri x-ray powder photograph and infra-red spectra id,ntiaal to that from 

methyl 2 — 0  - (2, 3, 4 tnt — - methyl -0<- ,— galsotopyranosyluronis 

acid) - 3 9  4 di 0 — methyl - £ — rhainnoside dihydrate. 

Qjgosapharide 2. (ii ago; eluted with C.05 ,  — formic acid) RQ$3A a 0.49 

(Solvent B) [5JD + 840 (9 - 0.2) -tirs galacturonic acid and rhamnoss on 

hydrolysis. Partial acid hydrolysis gaye zhaanoss and 2 — 0 — ( c> — 

D — gal actDy?an0SylurofliO acid.) — - rhaanoe• whil, similar hydrolysis 

of the glyottol gave rhianitol and the ease aldobiouromia acid. 

Methylation of the derived glyoitol by the Kuhn method and subsequent 

gas-liquid partition chromatography of the a.thanolyaed products gave 



rittol 5, 1,12 (Column o7 and the methyl glyooaidas of the  

016D4 sugars. 

Sugar 	 I ? (Column a) I 
,4di-O-methyl--rhasnose 	 I 	0.86 

3 9  4 tn - C' - methyl - ) galmoturonto acid 	6.46 9  6.80 

. 0.12 (3oly.nt p) • 0.59 (Solvent C) L<JD + 91°  ( 0.3) gave 
14d A 
ilacturanio acid and rhasnoss on hydrolysis. 	The derived glycitol, on 

partial hydrolysis, gave 2 - 0- (c - D - galsctopynanosyluronio ..aid) - 

rhamnose and 2 	(o £ galaotopyranosyluronio acid) 

rh*Mi4tol, and on equsntial a.thylation, asthanolysis and gas-li 

partition ohromatoaphy gave peaks with retention times of 1, 3, 4, 

tetra- - methyl - - rhamnitol 5, 0.81 (Column b), 1.12 (Column 
and the methyl glyoceides of the following sugars. 

Sugar T. 
Column b Column a 

0.62 0.86 

2 9  39 4 tn 	- 	 - methyl 
- 	

- galsoturonio said 3.78, 4.17 6.78 

2 9  3 di 
- 	

- methyl - 	 - galacturenia acid 1.909 2018 4.44 



tion irhich bed bs.n dialysed for 3 days at 4°  to remove the large 

cnznt of g1iaoes that was pr.asat, and fri... driid. A sanpie of 

tinio said 000 as*) (polysaoohax'id. fraction le) and a asapis of 

tio said (ioo age), which was obtained by .aoaifjing the psotinio said 

the method of Z.ttko and Bishop (14)9 were each dissolved in water (50 al.) 

S 

-i 	- 	10 

7 nina • ?apsr chromatography of the samples shaved that the sasyal 

.adad the psatinia sold as will as the psotlo acid but at a riduced rst•* 

ftujbsr degradation of the psotLnio acid assned to take place after 

24 bra* whereas this state was reached in only 3 hr.e with the pectic sot- 
 
- 

3.all sacunta of c! -! -'----" ',- w-" 	 - -.--t - t "r'?" 

the hydxolyssts. 

Citrus psotin (20 .) o1jva&coL&riLLo £raotiuu 1cj was iasiiiu In 

water (io 1.) and a solution of peotinass (2 g.) in water (100 .1.) was 

sided with vigorous stirring at room temperature. The psotinass had 

previously been dialysed, for 3 days and fressi dried. The attiring  was 

continued for 24 hr. • and the solution was then added to an equal volume  

of acetone • Tba precipitate of degraded polyssoohari di and deactivated 

snayss was removed at the centrifuge and gave on hydrolysis galsoturonie 

acid, galaotoi., glue*** and arabinoss together with les ser mounts of 

xylos. and rh..,oss.  The supernatant solution was than oowsntrstsd and 

poured into acetone (4  vol.) and allowed to stand at 4 °  for 2 days. The 



laoturonio acid was also removed at the centrifuge, redissolved in water 

i oonotntrat to a exup 	(9 g.) keeping the pH at 7. The super'. 

ant solution was also concentrated, to a syrup 	(ii g.) keeping the 

at 7. Direct chromatography of syrups 3 and S2  yielded the monosaccharides 

T . 

GalA. 	Gal. 	0. 	*an. 	Arms AVI. 	tue. 	the. 

S1 	s.+. 	+ 	tx. 	/ 	4+ 	ti. 	/ 	tr. 

++++ 	+ 	tx._-  / 	++ 	tx. 	/ 	tr. _- 

view of the detection of oligoemooharides in the trial enaymolysi., 

.raotione 3 anti
2 	obromotograph.d separately on disthylaminoethyl 

Sephadex A-.25 (50  g.) (formats form). The columns ware,  washed with water 

	

to remove neutral sugar. (1.2 g. s 1 ) (3•9 g. 	2' which included 

galactose and arabinoes with small amounts of gluoo.., xy-loae and rhmnO.e 

In both canes and then with 0.05N - formic acid to remove fragments 

oontainirigoao acid unit followed by gradient •lution with 0 .05'. formic 

acid containing Increasing amounts of 0.4'. formic acid to remove fragments 

with two said units. The formic said elution patterns of the diethylaninosthyl 

Sephadex A'.25 chromatography of fraction.. 
1  and 3 2  are given in tables XXII 

and XXIH respectively. 



Colour * 	Vt. 

(Solvent 3) 	 (6.) 

formic said 	 1000 	brown 	7.861 

- formic acid 
002 	brown (o) 	0.051 

formic acid 

luant R 

(solvent B) 

Colour * Vt. 

(6.) 

formic acid 0.53 rod (os) 0.293 
1.00 brown 

1.00 brown 5.865 
2.0 orange (02) 0.042 

• 	formic acid - 
0 0.031 

•:- formio acid 

* Colourn chromatogram developed with aniline ozalats, 

on  refers to oligo.aocharide no 

The fractions were further separated, when necessary, by filter chest 

chromatography. 

0ligosaoohride 1. 	(12 mg.) RA - 0.53 (Solvent B), L7D + 28°  

(2 0.24) gave on hydrolysis galaoturonio said and zyloae only. 	The 

derived glyaitol gave on hydrolysis zylos. only. Methylation of the 

derived glycitol by the Kuhn method followed by aethanolycis and subsequent 



<- 2 9  31 5 9  6 tetra - 0 methyl D galaotonolaoton. 5. 4.38 
7 and the methyl glycosides of 2 9  3, 4 tn - 0 methyl - D 

- I 	 2 

- 

0.30) gay, on hydrolysis rhamnoss only but was shown to contain only 

itol gave rhamnitol only on hydrolysis. 

Ads by the Kuhn procedure followed by gas-. 

4ui& partition chromatography gave a number of peaks, one of which was 

ntified as the methyl glyoosid. of 39 4 di 	methyl 	rhamnose 

. 0.83 (column c7., The oligosaoohanid.e was shown to have an 

'ption maximum at 231 a and when reacted with thiobanbitunio acid 

C-  A 	
17 

Gal 

L7D + 5 0  (a 0.40) contained galaoturonio acid and rhamnoee residues in 

the molar ratio of 1.9*1, while the derived glycltol,obtained from 

reduction with sodium borohdnide,00ntain.d theee zuea 	iduea in the 

ratio of 1.1 • A sample of the oligossoohanide (2 mg,) was heated at 100 0  

for 16 hr.. in 50 aqueous methanol (1 ml.) containing 2.5 triethylamine. 

The solution was then evaporated to dryness, the residue was redissolved in 

water and the solution was deioni.ed with Aabenlit. IR 120(H) resin before 

paper chromatography which gave 2 - 0 - (cx - D - galaotopyranoeyluronio 

acid) - L - zhamnoss only. Msthylstion of the derived glycitol of 

oligosacohanide 3  by the Kuhn procedure followed by methanolysie and 

gas-liquid partition chromatography gave an unknown peak and the methyl 



Sugars   

Column b 	Column C 

39 4 di 	methyl L — ihemnose 	 0.63 	0.87 

2, 39 4 tn 	methyl £ gslaotu.tonio acid 	4.24 	6.54 
6.86 

rowri rik 

	

-- 	 - 

- 	galaoturonio aoid (5 age) was formed and methylated by the Kuhn 

The disaccharide, 3 	D(— 	galactopanosyl D 

'25 age) was oxidie•d with bromine (0.25 mi.) in water (2.5 ml.) 

z.eenoe of barium carbonate (25 mg , )- The mixture was shaken 

317 for 15 mine, and stored in tho dark for 72 hr.* at room 

perature with occasional shaking. Excess bromine was removed from the 

.sulting mixture by aeration, barium ions wars removed from the filtered 

solution with Amberlite IR 120(H) resin, hydiobromic acid, was nutralissd 

by shaking the solution with Ambenlite IL-i resin (5  v/v in ight petroleum), 

and the aqueous solution was concentrated. The reeultlrp syrup was 

methylated by the Kuhn procedure which was repeated to yield a methylated 

aldobionic void. The sethylated galacturonobiitol and the methylated 

aldobionic acid were methanolysed and subsequent gas-liquid partition 

chromatography on columns b and a showed that one of the peaks in the 

ohrcmatograms of each methylated product had a similar relative retention 

time to the unknown peak in the obromatogrems of the oligossooharids (03). 



iIars 4. (71 age ) RQA 0.0 (Solvent. B and C) gave galmottuonic 

;.aid (+), galactose (+++), glucose (tr.), axabinose (+), zyloss (tx.), and 

did the derived glyoitol. A sample of the material (5 age) 

000  for 16 bre. in 500A-aqueous methanol (2 ml.) containing 

tri.thylaaine. The solution was then concentrated, the residue was 

iseolved in water and the resulting solution was dsloniaed with Aabrlite 

120(H) resin before hydrolysis followed by paper chromatography which 

ave the sass hydrolysis products as above and in similar amounts. A 

:'urther sample (10 mg.) was methylated, first by the Haworth procedure, five 

(1 ml,) and 30% aqueous sodium hydroxide (2 ale) 

hn procedure. ?ethanolysis and subsequent 

:as—liquid pctition chromatography gave a number of peaks, some of which 

.rc identified a. the asthyl glycosides of the following methylated sugars. 

Sugar. p _________ 
Column a Column b Column a 

2 9  39 4 tn - 	methyl L - rhamnoss 0.45 (0.47) 0.44 

2, 39 5 tn  — 	— mstbyl —— axabinoss 0.53 (0.47) 0050 
0.72 (0.62) 0.66 

39 4 di methyl - rhamnoss 0.98 (0.62) 0.87 

2, 39 4 1  6 tetra 	methyl 	1) 	galactose 1.68 (1.57) 1.87 

2 9  3 9  6 tri methyl £ 	galactose 3.11 (1.57) 2.88 

4912 1.90 3.80 

4.43 2.08 4.36 

2.29 

2, 3,4 tn acid 6.73 4.30 6.64 



water (100 iii.) and passed through a column of Aabrlits lB 120(a) 

'-esin before treating with ethylene oxide (25 al.) at room temperature 

L'or 5 weeks when e.terifioation was complete (pH 6.8). The •eterifi•d 

'ide was precipitated from ethanol (3 vol.), redissolved in 

'reese dried. 	The 2-.hydroxyethyl enter (i g.) was then 

"Q.neral M.thods" giving the acetate ,  of the 

-: 	- 	 I•I g.) which was suspended in tetrahydrofurmn 

(25 ml.) and a mixture of tetrahydrofuran (25 ml.) and lithium bozohdrid 

1 101 g.) rns added. The mixture was re9luxed with 7toroue stirring Thr 

20 his., cooled, and the residual lithium borohydride was destroyed by th' 

dropwise addition of water. A further volume of water ( 	1. 

and the remaining tstrahydrofuxan was removed under red.uc 

of the solution was then adjusted to 7 with dilute suiphurie acid and 

the precipitate (i.) which appeared was removed at the csntrifugs. The 

supernatant solution was then dialysed for 3  days and a precipitate (2.) 

was also removed at the centrifuge. The supernatant solution was 

concentrated and poured into ethanol (6 vol.) to yield a precipitate (3) 

which was redissolved in water and frseme dried to give a whit. solid 

(54 ago). The thise precipitates gave galactose only on hydrolysis. 

Precipitate I • was then dissolved in 0.5 - sodium hydroxide  the 

solution was poured into ethanol 0 vol.), the precipitate was washed 
thoroughly with o*hani a.n& etzaor and dried to give precipitate Ia 



age  Lcx_ + 175 	LO O. 	in 0.5 	laCE) which was shown by the 

noulphurio s.oi& method to contain at least 93% oaibohydrst•. 

1oipitst. 2o was insoluble in 0.5 	sodium hydroxide and after 

.atsd washing with water, ethanol, and finally other gave, after 

'20 ago) was dissolved in O. ,  - sodium 

L i• (4 el.) and asthyl eulpkaats (4 al.) and 30% sodium hydroxide 

a].) wore added dropwiee over a period of 4 hr.e with vigorous 

itirring. Jitrogen was passed through the solution. Your similar 

itiona were made on consecutive days and on the sixth day the 

1 ution was heated at 1000  for 1 hr. After cooling, the pH was 

wa3 dried over anhydrous sodium suiphato bafore the solution was 

cnosntretod to a syrup (136 ago). The supernatant solution was then 

extracted with chloroform (4  x 100 ml.) and the extracts were combined, 

dried,and concentrated to a syrup (108 as.). A sample of each syrup was 

methanolyesd and gas—liquid partition chromatography of the aethenolysed 

products gave identical chromatograms. 

The combined syrups were dissolved in methyl iodide (25 ml.) and 

silver oxide (400 age)  sdd.d in four portions at houy intervals with 

constant stirring and refluxing which was continued overnight • The 

silver residues were removed by filtration and were extracted With hot 

chloroform in a Soxhiet extractor for 8 hrs • The supernatant solution 

and the extracts wore combined, dried, and concentrated to a syrup 



105 

(222 ag.) which was redissolved in asthyl iodide and the aethylation 

procedure repeated to give a syrup (216 mg.). Caa—liçzi& partition 

chromatography of a methanoljeed saale showed that substantial amounts 

of methyl glyoosids of 2 9  6 di 	methyl D galsotoso were present 

which wee attributed to undezasthylation. 

The partially n.thylated polysaccharide was then dissolved in methyl 

iodide (25 ml.) and Ir dtnsthylforaaaide (5 ml.) and silver oxide 

(300 age) was added and the mixture shaken vigorously in the dark for 

3 days. The silver residues were then removed at the centrifuge and 

extracted with hot chloroform in a 3ohlei extractor for 8 hra. The 

supernatant solution and extracts were combined and concentrated to 

remove methyl iodide and chloroform. Water (o ml.) was then added, 
the solution was dialysed against running tap water for 3 days and 

concentrated to dryness. The residue was thin extracted with 

chloroform and the chloroform extractions were concentrated to a 

syrup (195 ego). The syrup was redissolved in methyl iodide (25 .1.) 

and N o  N dimethyl formamide (5 ml.) and the above procedure repeated to 

give a syrup (184 age) which was redissolved in a small volume of 

chloroform and precipitated by the addition of light petroleum. (B.P. 

60 - 800) (20 vol.) The precipitate was then dried at 60°  over 

phosphorus pentoxide in vcuo to give a fully methyl t.d polyssocharide 

(148 mg.) founds OX., 42 .8 JX:yD + 177 (2  0.3 in cuc1 3 ). 

A sample (20 mg.) of the methylated polyeaooharide was methenolys.d 

with aethanolia k"P hydrogen chloride. The products were examined by 



of the etr;i r,1i.r 	of the following itagaie in table XVIII. 

XVIII 

5uar Relative 
.Proportions Column a Column b Column o Column a Column d 

1,34 K çRha ti. 0447 node n.t. 	0940 

Ke3.'&rs ++ 0.56 0.48 0.49 	0.45 0.61 
0.72 0.64 	0.65 0.78 

' + 1903 (0.66) 0.84 	0.83 1.07 

3 Me -.Rha + node 1.01 n.de 	n.e. n.cI. 

193,49514e4'-Rha'-01 + 1010 (0.84) 1.05 	1.10 1013 

2 9 3 X02  -Ara + 1.52 ç(..66) 1.16 	1.21 (1.88) 
(1.76) (0.84) 1.63 2.30 
2003  

2 Mc -Ara tx. node 1.24 n.e. 	node 

200,6 MI47Ca1 +4 (1.76) node 1.48 	1091 (1.88) 
1.78 	2.05 

293,6 Ms -Gal 3.21 1961 2983 3.66 
3.93 2.07 3.67 4940 
4.3) 2.23 4012 4.98 
4.70 (2.51) 5.43 

2 9 6 4+ 103 (2.51) 8.32 
11.2 3.03 11.0 
15.8 3.58 12.6  

• Column temperature 1250
0 

n.4. - not d.t.oted. 



ITII C.21 	FORi.Ie ci: 

nd thr.. times with lit petroleum  

and than stirred in diasthyl suiphoxid. 05 ml,) at 500  under 
atmosphere of nitrogen for 45 mm.. A sample of the pol3rsaooharjd.e 

te4 from the diethy1aajno.t1yl SSphsdsz A-50  columns  with 0.2N formic 

OlYeacoharide fraction 1o2a)(500 mg.) was dissolved in diasthyl 

Id. (50 ml.) by heating at 600 for 13 sins, and the required 

':unt (35A excess of theoretical) of the asthyleulphinyl oarbaxiion 

was added. A gel formed but disappeared after stirring at room 

peraturs fox 4 hr.. (+-h. time required for alkoxid. formation). 

1 iodide (3 ml.) was then added to the stirred solution at a rate 

3t the temperature did not rise above 250  and stirring was continued 

raturi onit. Ths clear solution was then concentrated 

:r remaining methyl iodide and the solution was dialya*d. for 

24 hr.. The non—'iiffu.ible material was concentrated to a syrup, 

dissolved in chloroform and the chloroform solution filtered before 

pouring into a large .10..s of light petroleum (3.P.60-.80 ° ). The  

precipitate was resovi. at the 00atrIfugo and dried over phosphorus 

psntoxicte in vaouo at 60°  to give a aethylated. polyssooharide (292 age) 

ffound.s OMe - 40.27, L?<JD 
950 (2.

0 .484 in CC13 ). 

A sample of the asthylat•d 	 (30 ag.) was asthanolyasd 

With asthanoijo ,t' hydrogen ohiozid.e and examination of the products with 

gas—liquid partition chromatography gave peaks with the retention ti,., of 



LI XIX 

i.1atjve 
Amounts 

  I 

Column a Column b Column o Column o Column d Column • 

2,39093aBha. tr. 0.46 node node 0.40 0.47 0.43 

2 359fkrs. 444i 0954 0.47 0.49 0.45 0.59 0.50 
0.73 (0.64) 0.65 0.62 0.78 0971 

2,3 1 49,-Ars. tr. (1.05) nods (0,87) 0.90 (i.ii) node 

3,424e2u.Rhs. ti. (1.05) nod. (0.87) 0.82 (1.17) nod. 

2,3J1•2-Are. 1057 (0.64) 1.18 1.20 1.89 1.04 
1091 0.82 (1.50) 1.61 2.34 1943 

0,95 

205s2-Aza. + n.do nod* nods 1.50 2.18 1630 
2053 

2,394,6K•4 u.'Oal. + n.d. node (1.50) 1.86 nods 1.85 
1.76 2.02 

2,3,6N. -Gal. ++ 3.23 1,63 2,80 3.64 3.01 
(4.15) (2.09) 3.57 4.38 (3.79) 
4.66 2.32 4.08 4.83 

(2.51) 5.43 

2,4,6MsfGal. + (4.15) (2.09) nod. nod* 3.47 
4.66 2.32 (3.79) 

2,3,0• -Gal. ++ 7.32 (2.51) 6.67 8069 6045 
2.89 7.07 

2,6.2-we tre node n.e. 8.61 n.d.. 

2941I(•20sl0 ++ nods 3.57 1405 nods 12.45 
4.17 16.7  13.4 

* Column temperature 1250. 



..'atei in astho1jo 4% hydrogsn ch1ozie at 100°  overnight and the 

ethyl glycosides were hydrciyeed  with A ulphurio acid (2 al e  ) at 

for 4 hr.* Small saomte of 	arabino.. and 2 	methyl 

az'abinoss along with the sugars above were deteoted on paper 



:e polysacoharides eluted from the dietbylaminothyl Sephadex A-50 

polysacoharide fraction lo2b) (250 mg.) was dissolved 

:15 (50 ni.) by heating at 600 for 15 mine, and the 

oquirsd amount (35 exosse of theoretical) of the m.thylsulphinyl carbanion 

3 ml.) was added 	After aikoxide formation was complete (4 his.), methyl 

odids (1.5 ml.) was added to the stirred solution at a rate so that the 

ature did not rise above 250 and the reaction was continued as above 

1d a precipitate of methylated polysacoharide (175 as.) founds 

J L7D  71 °  Lo 0.406 in CEc2 3 )0 

10 of the methylated polysacoharide (30 mg.) was methanolysed 

ti Ui Lnethanoiio 0  hydrogen chloride and gas-liquid partition obromato- 

aphy of the methanoiysie products gave peaks with the retention times of 

the methyl glycosides of the following sugars in table XX. 
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iLH XX 

Sugars Relative 
Amounts 

_________ 	T _________ 
Column a Column b Column o Column 0 Column I 

.?,3,4Mo 3-Xyl. tx. 0.44 m.d. 0.40 0.36 0.37 

(0,54) (0.47) (0.46) (0.46) 

,3,5M.çAxa. ++++ (0.54) 0.47 (0.47) (0.46) (0.46) 

0.69 (0.65) 0.62 0.64 0971 

,3,4r4. 3 ..Ara. txe nod* m.d. 0.89 0.96 m.de 

txe n.d. m.d. 0.85 0.83 nod* 

2930 96'*e4_. txo u.d. m.d. 1.03 1003 node 

(1.49) (1.65) 

1.53 (0.65) 1.18 1.21 1.04 

(1.84) 0.83 (1.49) (1.65) 1645 

0.95 

,3,4 "Us 4-0al. + m.d. node 1.81 1.86 1.83 

2903  

?,3 9 6M•3-Gal. ++ 3.06 (1.59) 2.85 2.92 

4910 (2.20) 3.70 3.76 

(4.51) 2.38 4.17 

20 1 6Me 3-.00 ++ 3.31 (1.59) 3.20 4.16 

(4.51) (2.20) 4.44 

2,6Me2-Oal. tio node node 8.62 6.95 

9.75 
12.0  

* Column temperature 125° 



r3• aaph.f2 c.• it 7,alaylatei 	jsa.z 	a'iio (2Qmg.) was 

iolyaed. with nothanolic 4% hydrogen oh1orjds at 1000  overnight and 

is methyl glycosides were hydrolysed with N - sulphuric acid (2 ml.) at 

- — arabinoes and 2-0— asthy1 —-. 

id sugars above were detected on 

per co toc'aihy of the yd.ro1y8ate In lolvert '. 



THE EXRLO1LW141 POLT3ACCUARIDES 
FROM SYCAMORE CA34BILL CELLS 



DISCUSSION 
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THE EXTRACLLULAR TOLY3ACC}IARIDE MIXT 

The external polysaoaharida mixture was obtained as a pals brown 

powder from Dr. P. Albersheim. The polyeaoohezidee had been secreted 

into the culture medium by the sycamore cambial cells when the cello were 

mildly rotated at 230  at pH 5,5 wider conditions of interrupted darkness 

in a medium consisting mainly of sucrose and yeast extract with small 

amount. of 2, 4 dishic'--phenoxyao.tio said and varioue minerals. Lftsr 

twelve days, the cells were removed by filtration, the polyeacoharidss 

were precipitated from ethanol and the precipitate was washed with 

acetone and dried by d•sioation. 

The insolubility in water of half the polyaaccharide mixture when 

received would suggest that some of the mixture had undergone a change 

In physical state during the drying process. Both soluble and insoluble 

fractions gave on hydrolysis similar mixtures of galaoturonio acid, 

galactose,, 	, mannose, arabinose, xylo.e, fucose and rhamnose and 

contained similar amounts of uxonic acid. The sugar composition of the 

external polysaooharids mixture seemed to be similar to that of the wall 

polysaccharides obtained from the cambial region of the sycamore tree 

(ii) (72) (73) sxoept for a. somewhat greater amount of ma3moee. 

Ion-exchange chromatography of the polysacoharide mixture on 

diethylaainoethyloelluloee indicated that it was composed of neutral 

polysaooharidme and a range of acidic polymacoharides of the pectic type, 

with varying amounts of galaotuzomio said MM vry±n degreeg of 

eat en fi cation. 



8uaaarisect on the following pa'.. The separation of acidic and 

clysaco'..ridas in the water"solubls fraction was achieved by 

tion of the acidic polyaoohaxid*n as their capper salts (92)0 

a acidic poly.aooharid•s were further purified by chromatography on 

ethylino.thy1 3.ph.4ex A-50 giving two acidic fraotions of similar 

position, optical rotation, and urania acid content, which were 

nstituting a peotinic acid, fJD + 1780 1p  with urania acid 

i7% and methox3rl content of 3.4%. Two of the neutral poly- 

1des were also obtained in a pure form. L crude separation of 

tral polysaccharides was achid by the ability of some manna.e 

itaining polysmooharidse to form a complex with copper in alkaline 

ii.tion (93). Cellulose was found to absorb all the neutral poly.-

oharid. present exoept a macnan and an srabinogalaotan • On the 

a8L3 cf tii, n. ;'i 	 L><JD + 750w was obtained by chromato.. 

t cro. 	 on cellulose and a pure &r& no  

was also obtained from ohramatography on cellulose of the 

polysaccharides which did not complex with o L ppqr s  In addition to the.e 

poly.acoharjd.s which have been isolated in a. pure state, it is probable 

from the aonosaooharid.ss detected on hydrolysis that a xylan and gluoan 

are also present. 
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THE PTINIC LCID 

The p.otinio said was subjected to partial hydrolysis involving 

N. sulphuric acid. The hydrolysats was separated into neutral and 

acidic fractions on diethylasinoetkz.yl Ssphad.x A-25.  Examination of the 

neutral fraction showed that it contained galactose, arabinose and 

rhamno.e together with small amounts of zylos., gluoose and fuooae. The 

acidic fraction was further fractionated on &tethylamino.thyl Ssphadex 

A-25 and, where n.oassazy, on filter sheets to yield five acidic 

oligosaooharidss. 

The first of thess gave gslaaturonio said and rhamnose on hydrolysis 

and the aethanolysis products of the nethylated oligossooharids contained 

the a.thyl glycosides of 31p 4 di 0 - methyl rhmnose and 2, 39 4 

tn 	0 methyl D - galaoturonio acid.. These results when taken with 

the chromatographic and ionophoretio mobilities of the oligosaoohaxide 

confirmed that it was 2 	(c( - D galaotopyraaoeyluronio said) L 

ihamnosi. 

The second oligoesooharide was tentatively identified as 4 - 2 - 

(/3 	glucopyranosyluronic acid) L - fucoes from its chromatographic 
ONE 

and ionophor.tic mobilities and from the release of gluouronic acid, 

gluourone and fuaoes on hydrolysis. 

The third oligosacaharide was t.nativsly identified as 6 - £ 

(/3 - 	gluoopyxanosyluronio said) D galsotose from its chromatographic 

and ionophoretic mobilities and from the release of gluouronio acid, 

gluouxone and galactose on hydrolysis. 
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The fourth and fifth oligosacoharidss gave galsoturonjo said only on 

hydrolysis and from their chromatographic and ionophor.tio mobilities 

were tentatively identified. as 4  C - (cx - D - galactcpyranoeyluronjo 

acid) - D gelacturonio acid and 	 - galactopyranosyluronjo acid 

OK— D - gal act opyranosyluponjo said - (1 -+ 4) - D - 

galacturonjo acid respectively. 

The main sugars, galactose, arabinos., rhamnoss and galacturonio 

acid., released on hydrolysis of the polysaccharide, its high uronic acid 

content and high positive rotation together with the isolation of these 

five oligosaoohartclea, which were also obtained from citrus pectin, verify 

that it is a typical peotinia acid. The isolation of the galacturorzo.. 

bios., the galacturonotrios. and 2 - 0 (cx - 	galactopyranosyluronjo 

acid) - - rhamno.e indicate that the main chain is built up of 

contiguous galacturonjo acid residues linked through the I and 4 positions 

interspersed with occasional rhamnose residues, No definite structural 

interpretation, however, can be placed on the two gluouronic said 

containing aldobiouronjo acid., which have also been isolated from citrus 

pectin as described previously in this thesis, from lucerne poetic 

acid (42) 9  and from the acidic polyssooharidss in .oyabesna (40)(41). 

Similar g].uouronio said containing aldobjouzonjo acids have been isolated 

from tragaoanthio acid (94) where the gluouronto said residues would appear 

to be present as end group.. 



Partial hydrolysis of the arabinogalaotan witi. - L'ic aci. 

yielded two oligosmooharids components which were tentatively idonti fie 

as 3/3-,-. a3actopyrano.yl D- galactose and 6 - 0 ,3-_ 
galactopranosyl 	galactose on the basis of their paper chromatographic 

mobilities. 

When the arabinogalactan was methylated with methyl sulphate and 

sodium hydroxide, fractionation took place which resulted in two partially 

aethylatscl products being isolated, M.1* being water soluble and W.2o 

being water insoluble* Theae two fractions were further asthylatsd in 

parallel by methyl iodide and silver oxide to yield fully methylat.d 

fraction. M.1 • and p.2e, with r<J 1) 350 and rD<j D - 800  respsotivly, 

M.1e being the minor fraction. M.thanolysia of samples of th..e fractions 

yielded the methyl glyocaides of the following sugar* which were identified 

by gwuuliqui d partition chromatography. 
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Sulmr 
Relative 

Role 

Amounts 

M.2. 

2, 3,4 tn -- methyl -ID-zylose ti. ti. 

 39 4 tn 	- 0 - asthyl - L - rhaanoa• 

2 9  3 9  5 tn - 0 - methyl - 	- arabinose ,s 

2,  4 tni - 0 - methyl 	- arabinose =L tr. ti. 

2 9  3 iLl - methyl - 	arabinose + + 

2, 3,  6 tetra 	- methyl 	D 	sannose + / 

2 9  39 4, 6 tetra 	- methyl 	- galacto.e ti. ii'. 

3,4,6tni-O- methyl -D..asnno.. tx. / 

2,4,6tni-- methyl -.galactose + + 

2, 3,4tri-,-methyl-..galactose + + 

2,4di0 methyl 	 ..galactose ++ ++ 

tx. trace 

It is evident from the z.thylat.d derivatives of macno.e obtained in 

Mole and from its lose negative rotation that the srabinogslaotan must have 

been contaminated by a small amount of macnan and that partial fractionation 

had taken place during methylation to yield as the major fraction a pure 

partially methylated arabinogalaotan (n92.) and as the minor fraction a 

partially methylated, axabinogalactan containing some partially methylated 

nannan (M.1). 

from the detection of 3 0 -/3 - - alactcyranoeyl D ga.lactos. 

and 6 - 0 -/3 - D - gslactopyrsno.yl - - galactose from partial hydroly.is 
UPS 

and also 2. 4p 6 ti'i - C - methyl - a  -. galactose, 2, 3,4 tz'i -  - msthyl - 
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D - galactose and 2 9  4 - di - 0 - methyl -,a  - galactose from methylation 

studies, it wotild appear that the galactan portion of the polysaooharido is 

of a branched nature. In view of the relatively high proportion of 

2, 3, 5 tn - 0 - methyl - L - arabinose obtained from the methylated 

poly-saoohanide, most of the arabinose residues must be present as end group 

which,togethon with the absence of 2 - 0 - methyl - L - arabinose, confirms 

that the arabinose residues are constituents of an arabinogalactan and not 

a disoret• arabinan. 

On the basis of the galactose residues being linked through the 1 and 

3 9  and I and 6 positions, this arabinogalaotan is similar to the water—

soluble arabinogalactaxie from coniferous woods (95) and differs from the 

poetic type of arabinogalactan, isolated from soyabeana (19)9  which 

contains galactose residues linked through the I and 4  positions only. 

From its dissimilarity to the pectic type arabinogalactana it would appear 

that this arabinogalaotan is not associated with the peotinic acid. No 

other arabinogalaotan of this type has so far been isolated from deciduous 

wood. 
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Trfl MANNAN 

Msthylation of the asanan by the method of 3rivsstavi (96) yielded a 

partially asthylated polysacoharids which was caspletely msthylst.4i by 

silver oxide and methyl iodide • M.thaaolysis and subsequent gas-liquid 

partition chromatography of the methyl glyoosidss indicated the presence 

of the following methylated sugars. 

Relative Amounts 

 3,  4 9  6 tetra - 	- methyl - D 	mannos. 	 +4 

 4 9  6 and/or 2 1, 39 4 tn 	- 	- methyl 	D 	mannois 	 + 

2,  6 tn 	2 	methyl - 	aannose 	 + 

3 1 4d1-0 -msthyl-D-manno.. 	 + 

The detection of the above methylated sugars together with its high 

Positive rotation (+ 75 ° ), indicative of CXlinkages, suggested that this 

was a yeast sannan (97) and not the usual linear type of mannan which in 

found in plants (98) and contains 
//3 

linkages. 

The isolation of such a tnazinan cast doubts at to its authenticity as 

an sztracellulax polysaccharide produced by sycamore cambial cells and it 

was suspected to be a contaminant • Careful examination of the growth 

conditions of the sycamore cambial cells showed that it could not have 

been produced by sioroorgeniams but after further investigation., 

Albersheim found that tha mannan was a constituent of the yeast which was 

used as a nutniant for the sycamore cambial cells and was being released 

into the culture medium. 
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The confirmation that the aennan was not being produosd by the 

sycamore cambial cciii explains the relatively high proportion of nanno.e 

In the external poly.&oohazids mixture when compared with the wall poly.. 

smooharide. from the obial region of the sycamore tres and suggests that 

the suspected glucan may have arisen from the came .ouroe. 

Thus, until conditions, which do not involve the use of yeast and 

consequently avoid this type of oontninition, can be evolved for the 

incubation of the ccli., comparisons between the poiysaoohaxidss-produoed 

and those in the cell veils must be somewhat reetriated. However, there 

seems little doubt that the peotinio acid and the srebinogslaotan are 

genuine products of the syoamor• cambial cell, and the formation of this 

type of azebinogalsotan, similar to those found in coniferous wood., is of 

interest as a.rabinogalaotans have not been reported in deciduous woods up 

till now. 
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7  11 1 16  A6 	 ­73- ON TT TOLY3ACCHtZDE MIXPUR 

The polywaceharide -Ixture (12.4 g.) was stirred in cold water 

(4 1.) for 24 hour., and the insoluble material was removed at  the 

centrifuge and dried by solvent ezoh1ge  to give polywaooha.ride A 

(693 gi). Further extraction of polyssooharids A with boiling water s,  

ammonium h.yd.roxide, and 	sodium hydroxide failed to nolubilise 

any more material. The supernatant solution was oorioentzated, poured 

into ethanol (4  vol.), and the precipitate was removed at the centrifuge, 

redissolved in w$er and any remaining traces of ethanol were removed 

under reduced pressure before frsose drying to give polyasooharide Be 

(5.7 g.). The hydrolysis pattern of the two fractions is shown in 

table I. 

TLBLS I 

Extract Uronio Acid 

Anhydrid,e %a 

Sugars on Hydrolysis 	_____ 

WA* Gal. 0. Man. Ara. Xyl. Fuo. Rha. 

A 

B 

18.6 

17.3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

ti. 

tre 

ti'. 

tio 

a by deoarboxylation 	ti. trace 

A sample of polysaooharids B e  (110 me.) was ohro.atograph.& on 

disth.ylaainost)zyloellulos. (30 g.), generated in the phosphate form. 

The column was eluted successively with 0.05 Le 0.10 ,, 0.25 M and 

0 .50 	sodium dihydrogen phosphate buffers at pH 6 and finally with 
WO 
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0,50E potassium chloride solution, fractions (10 al.) vex, collected 

and analysed by the phenol.-sulphuric acid method for total sugar* to 

give a plot of polyaaoohaz'ide content against dust. (diagram 1.). 

Polyaacoharids peaks were analysd for uronio acids by the carbasole method. 

Details of the tour poly.aooharid.e fractions eluted are given in table IX. 

TABLE II 

1luant Wt  

(age) 

U.A.*  ugars on Hydrolysis  

GalA. Gal. as Man. Ira. Xyl. Puce Rha, 

0.05M—PO4  49 1 / + + ++ + ++  

O.1O!4..Tr 4  11 33 +++ + tx. + txe tx. tx. 

0 0 25M..PC 4  13 21 +++ + tx. / + . tr. tr. 

0.5031-.PO4  14 54 +++ • / / + tr. tr. fr. 

0.59—Cl - 6 node +++ + + tx. + txe tx. tx. 

* Ironic Acid Anhydride b7 carbasols method. 

nod* - not determined 

FRACTI0A?I0R OF THE TCLYACCHARIDE'3 

The poly.acoha.rid.e mixture Be (,.' g.) was dissolved in water (1.5 10 

and copper acetate solution (100 .1.) was added dxopiri.e with vigorous 

.tirrin. The acidic polysaaoharids was precipitated as its copper salt 

which was dsooapoasd with acetone containing 1 hydrogen chloride. The 
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precipitate was washed free of hydrogen ohioride with ethanol, dissolved 

in water and the solutiofl was freiss dried to give polyssooharids 

fraction I • which was further purified by ahroaatoaph3r on dietbylasinoit. 

ethyl Siphad.ex 150 (15 g. 1 format4 form) to give polysaoohaz'id 

fraction. Is., lb., and Ic. •lutsd with water, 2Xformic acid, and 

3 	formic acid respectively. The formic acid eluants were dialyzed 

for 24 bra., the pE of the solutions was adjusted to 495 with potassium 

acetate and the solutions were concentrated before precipitating the 

polyeaooha.ri 	in ethanol containing 4% acetic acid. The preoi pI L .tea 

were washed fr.e of acetic acid with ethanol, &tesolved in water and the 

solutions were frs.ss dried. 

The supernatant solution from the copper acetate precipitation was 

concentrated to 500 ml • and ?hling's solution (20 ml •) was added dropwiae 

with vigorous stirring. The precipitated material was removed at the 

centrifuge and the copper ocmpl.x. vs. destroyed in the ease way as the 

copper salt to give polysaccharide fraction 2. Polyeaocharid. fraction 2o 

was then dissolved in tbe minimum amount of water (ca. 30 ml.) and applied 

to a cellulose column (60 g.) to give polysacoharide fraction. 2a., 2b., 

and 2o., eluted with water, 7 	urea, and 0.5M sodium hydroxide 

respectively. The sodium hydroxide aluate was nutzalised with 
IN 

hydrochloric acid and was then dialysed against r"nning tap water for 

two day.,as was the urea eluate. The three fractions were each 

precipitated from ethanol (4 vol.) and redissolved in water bofore frees 

drying. 
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The supernatant solution from the P'shling' a solution precipitation 

was neutralised with N hydrochloric acid and dialysed against running 

tap water until no blue colour remained before precipitation from ethanol 

(4 vol.) and freeze drying to give poly.sooharide fraction 3. Poly-

saccharide fraction 3* was ton ohxomatographed on cellulose (60 g.) to 

give polysaccharide fractions 3a., 3b., and 30., eluted with water, 

7?! ursa and 0.5M - sodium hydroxide r.sp.otively. The sodium 

hydroxide solution was nsutralie.d with 	hydrochloric acid and was then 

dialyzed against running tap water for two days, as was the urea duet.. 

The three fractions were each precipitated from ethanol (4 vol.) and 

redissolved in water before freeze drying. 

Details of each fraction are given in table III. 

T&BLE III 

1'raotion Wt. 

(g) 

:  Sugar. on Hydrolysis  

GalA. Gel. 0. Man, Axe. Xyl, Puce Rha. 

1 1.555 +++i-  ++ + + + + / tr. 

Is 0.625 / ++ + + ++ +4  

lb 0.308 +175°  0 .452 +44+ 4+ / / + ti. / ix. 

lo 0.396 +180°  0.452 444$ +4 / / + tr. / tr. 

2 1.858 / + + ++ txo tx. tx. 

2a 0.803 + 75°  0.320 / tx. tx. ++++ / tx.  

2b 0.577 / 4+ + tx. ++ tx. / 
2o 00296 / + ++tr. tx. +++ ix, / 

3 1 .998 + +4+ 4+ ti. +4+ +++ + + 

3a 1.010 - 49C 0.510 / ++ tx. tx. 4+ / / tr. 

3b 0.370 4+ +44. tx. + +4+ + / 

30 0.356  / tr. / / +++ tx. / 
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Polysaocharids fractions The flaun&s U.A. (by d.oarbox3iation) 

657 and 10. ffowdl U.A. (by dsoarboxylstion) 68g were combined 

oonatituting a peotinic acid. flouMs U.A. (by d.oaxbcizylation) . 672 

1 u4s 0*. . 3.47. Polyeaeoharide fractions 2.. aM 3.. oonatituts 

the wman and the ..rsbinogal.otan rspctively 
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THE PiCTINIC ACID 

ra.rtial Rydzolisis 

A sample of the psotinie acid (43 0  mg.) was dissolved in N 

sulphuric acid (30 au) and heated at 1000  in a sealed tubs for 4  hra. 

The insoluble material, which was removed at the centrifuge, was shown 

by hydrolysis for a further 12 hr.. in N -sulphuric acid to contain D 

gmlaoturonio acid only. The supernatant solution was neutralised by 

stirring with barium carbonate, treated with Amberlit• IR 120 (H) resin 

and concentrated to a syrup (248 mg,). 

The syrup was then dissolved in the mt 	volum, of water and 

applied to $ dtethylaminoethyl 3phadex A 25 column (5 g.; formats 

form) which was eluted with water (1.5 1), to give neutral sugars 

(118 mg.), followed by water containing increasing quantities of formic 

acid to give four acidic oligosacoharidsa which were further separated, 

where necessary, by chromatography on Whatinann 3 MI paper. 

Oljgoeaooharide 1. (3 ag.; eluted with 005 K - formic acid), RO alA. 

0.86 (3olvent B.), M0 • 0.56 gave galaotuz'onio acid and rhamnose only on 

hydrolysis and was chromatographically and ionophoretioally indis-

tinguishable from 2 0 - (o< D - galactopyranosyluronio acid) 

rhamno.e. I4.thylation of the sugar by the Kuhn method and subsequent 

gas—liquid partition chromatography of the msthanolyais products gave 

peaks with the retention times of the following sugars. 
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Sugar T. (Column o) 

3,4di-0 	methyl, ..L-rhaiinose 0.85 

2 9  39 4 tn 	- , 	 methyl - 	
- galaoturonio acid 6.83 9  6,50 

0ligoeocharjd.e 2. (2 mg.; eluted with 0.05 	formic acid) Rr  

0.59 (Solvent B)  M, - 0.62 was chromatographically and ionophozstioally 

indistinguishable from 4 - 	(/3 D gluoopiranosyluronjo acid) - 

Ip. fuocae and gave gluouronic acid, tuooee and gluouroaAs on hy4ro&jai.. 

Oligosacoharide 3. (2 ago  •luted with 0.05 N formic acid) Gal - 

0.23 (Solvent B) 1t a - 1.08 gave gluouronia acid, gluourone and galsoto.e 

only on hydrolysis and was chromatographically and ionophorstioally 

indistinguishable from 6 -O (/3..D.. gluoopyra3 ronic acid) - 

- galactose. 

Pit esooh.nidj. (8 ag o ; eluted with 0.4 A - formic acid) 	- 

025 (olvsnt B), - o,o (Joivent C) M0  0.96 gave galaoturonjo acid 

only on hydrolysis and was ohrcaatographioally and ionophormtioaliy 

indistinguishable from 4 - 0 — (o<. D - galaotopyrano.yiuronio acid) 
we 

- galacturonic acid. 

0liRosftcoharjd 50 (8 mg.; eluted with 0.5 - formic acid) R 
Gal  A, - 

0.25 (Solvent c) !4 or 0.95 gaye galacturonjo acid only on hydrolysis and 

was ionophorstjoly and chromatographically indistinguishable from 



133 

o -o- D - galaotop3'zanoayluxonia acid - ( i 4  4)  - 	 = 
s1saiopyranoay1uzonio acid - 0 4 4) - D - ga.lsotopyrano.yluronio acid. 
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THE ARABINOGALACTAN 

Psrtia2 R7dro2lsi. 

A sample of the polyeaooharida (10 mg.) was heated in N - suiphuria 

acid (1 ml.) in a sealed, tube at 100 for 30 mine. and,aft•r cooling, the 

solution was neutralised with barium carbonate, centrifuged and any barium 

ions were removed with Amberlite IR 120 (a) resin before concentrating to 

a small volume. The hydrolysate was ohromatographed in solvents A and B 

and the following table IV compares the oligosacoharides 0 1 and 02,  which 

were obtained, with authentic galactose oligosaooharides and shows that 

they are obramatographioally indistinguishable from 3 2 /3 - - 

galaotopyranoeyl - D galactose and 6 - , 13 	galactopyranosyl 

D galactoso resp.otivsly. 

TABLE IV 

Oligosacoharidse R 

Solvent A Solvent B 

Osi -pi 4 4 0al, 0.56 0.40 

Gal 1 + 3 Gal -P 0.49 0.32 

Qal1 6 Gal, 0.32 0922  

0alI 	4 0al1 	4 0alt 0.28 0.15 

01 0.48 tr. 0.33 tr. 

02 0.31 0.24 

Methylatio 

The polysaccharide (850  ag.) was dissolved in water (20 ml.) through 

which a continuous stream of nitrogen was passed. Methyl sulphate (10 ml.) 
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and 30% sodium hydroxide solution (20 ml.) were added dropwise over a 

period of four hours to the solution in an toe bath with vigorous stirring. 

The additions were repeated each day for a further four days and on the 

sixth day the solution was heated in a boiling water bath for 1 hr., cooled, 

centrifuged and the pH of the supernatant adjusted to 4  with dilute 

sulphuric acid. The solution was then extracted with chloroform 

(4 x 200 ml.), the chloroform solution was dried over anhydrous sodium 

sulphate and concentrated under reduced pressure to give a syrup Mal* 

(305 mg-)- 

The residue from centrifugation was extracted with acetone, the 

solution wv -  - noentrated to a syrup which was then extracted with 

chloroform and the - chloroform extract was dried over anhydrous sodium 

sulphate before concentration to a syrup M.2. (853 ago) 

The two fractions, 14.1 and 14.2., were further methylated .parat.ly. 

Each fraction was dissolved in *ethyl iodide (25 al. for 14.1.) 

(50 mis for 14.29) and silver oxide (09700 g. for 14.1.) (1.5 g. for t.2.) 

was added portionirise each hour for four hours with constant "fluxing 

and stirring. The reaction was continued overnight, the mixture was 

then 000led, filtered and the silver residues were washed with chloroform 

and then extracted with chloroform in a Soxhlet extractor for 8 bra • The 

chloroform extracts wire combined and concentrated to a syrup (25 0  age 

M.i.) (805 age — 14.2.) 

The silver oxids/aethyl iodide aeth.ylstion was repeated and the 

syrups obtained were dissolved in a mall volume of chloroform and 
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precipitated from a large excess of light pstro1ei (B.P. 60000) to 

dve white precipitates which were dried over phosphorous pentoxids in 

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

T&BLE V 

• Fraction oii.% L<] D o in CE Cl3  Vt. (g.) 

M.1. 39.7 -35°  0.520 00153 

M,2. 395 4 6c  0.510 0.444 

)4.thanolysis of samples (20 ago) of each fraction and subsequent 

gas—liquid partition chromatography gave peaks corresponding to the methyl 

glyoosidsa of the methylated sugars in table VI. 
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TABLE VI 

Msthylatsd 
SAIgare 

Relative  
Proportion. 

M.1. 	11.2. 

M.1. 
TO 

Coluan.a. Colu.n.s. Colu.n.a. 

209 4 M•3"Xyl. tx. ti. 0.46 0.47 0.44 
or 3 9  4 Ms3-Rha. 

2 9  5 X.-"rs. +s-++ #+++ 0.55 0.54 0.48 
0.70 0.71 0.61 

2, 3, 4 M•
3 
 -Ax&. tx. ti. 1.03 1.03 0.86 

2 0  3 Ms2 Ara. + + 1.54 1959 1019 
1.50 

2, 3, 4,6 MM.n. + / 1.40  

2 1p 39 4,6 4•4...Ga1. tx. ti. 1.76 1.80 1.81 

3,4,6Ms3'4can. I 	tx. / 3.13  

2, 4 9  6 Me3-Oal. + + 4.16 4.10 3.58 
4.75 4.65 4.19 

23,41ts3-0s1. + i 7025 7.30 6.82 

2, 4 X02  -Gal* ++ +4 17.1 17.2 14.2 
19.4 194 16.2 
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Methylati on 

The polyssooharids (200 .g.), which had been previously dried at 

60°  in vacuo over phosphorus pentoxi to, was dissolved in the minimum 

volume of dinathyl sulphoxide (4 ml.) and barium oxide (i g.) and methyl 

Iodide (4  ml.) were 	 The mixture was stirred at room temperature 

for 48 hz.., centrifuged and the residue was washed with chloroform • The 

supernatant solution and the chloroform extracts acre combined and more 

chloroform was added until the precipitation of organic salts was complete. 

.lts were removed by centrifugation and the rod-brown solution was 

decolouriseci by washing with a 15" 	of sodium thiosuiphate and 'then 

washed with a smell volume of water to remove any residual dimethyl 

suiphaxide before oonontrating under reduced pree'i. to give a syrup 

(161 mg.), 

The syrup was dissolved in methyl iodide (5 ml.) to which was added 

silver oxide (o age) in four portions at hourly intervals with constant 

stirring and refluxing. The reaction was continued overnight and the 

residual silver salts were removed at the centrifuge. The residue was 

extracted for 8 hr.e in a Soxhiet extractor with chloroform and the 

extracts were combined with the supernatant solution before evaporation 

to dryness to give a syrup r1 7 3 mg.) 

The silver oxide/methyl Iodide setIiylation was repeated twin• and 

the final syrup was dissolved in a mall volume of chloroform and the 

fully aethylated. mannan (124 ag.), [C>~JD 
- +730  L' - 0.510J 
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round $ 090, 43.2J was pr•oipitated from a large exosas of light 

petroleum (B.?. 60°..80° ) to give a white powder which was dried over 

phosphorus pntoxide in vsouo. 

A sample of the methylated macnan (10 mg.) was asthanoly..d and 

the resultant gsth3lrl  glyoosi&.s on gas-liquid partition chromatography 

gave ps.ks with the retention tiess of the methyl glyoo.ides of the 

sugars in table VII. 

?ABL3 VII 

*•thylat•d 
Sugars 

3, 4, 6 He 4-Kanq 

39 49 6 M0 3-Man. 

and/or 2094 Me 
Man. 

2 9  4 9  6 Me blan. 

4 M02 
 -Nano  

T 	IRelative  
Column $ I Column b I  Proportion. 

1.43 	1.32 	++ 

3009 	1.70 	+ 

3.83 	1.96 	+ 

7035 	1 2.26 	I 	+ 

A further sample of the methylated en,vIv (4 age) was heated in 

m.thsnolio 4,;'-' hydrogen ohioride at 1000  overnight and the m•tbyl 

glyoosidss were hydrolysed with N — sulphuric acid (i ml •) at 100 °  

for 4 hr.. Dsthylation of the hydroly.at• gave winoa• only on 

paper chromatography in solvent. A and Be 
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