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GENERAL INTRODUCTICH 

The existence of a water-insoluble precursor or pectin has been 

known since 1848 when Fremy rep>rted the occurrence or a "pectosen (1). 

This material was insoluble in water and even in cold concentrated hydro

chloric acid but was transror.med by heating in dilute acid solutions into 

a water-soluble pectin similar in properties to the pectin which bad been 

discovered in plant juiceso Pectin has now been isolated from many 

sources, although its chemist:cy is not yet completely known. In addition 

to the well-know use of pectin as food and tor various industrial purposes, 

pectin is now rapidly finding more use in medicine (2). It can be 

employed directly as a therapeutic agent, as a supplement or potentiator 

ot a drug. Pectin has the ability to inhibit the growth of certain 

viruseso It is injected with hormones, sulfa drugs, and antibiotics, and 

is also used in diarrhea therapy. 

It is known that bark contains a considerable aD)unt (5-10;() of 

pectin while wood contains only 0~5-1%. Because or the growing uses of 

pectin and also in view or the importance of a better bark utilization, 

a more detailed knowledge of the structure of bark pectin is or in te rest. 

The present study is concerned with the isolation and deter

mination of the constitution of pectin from the bark of amabilis fir 

(Abies amabilis (Dougl.) Fbrb.). 

The comnr;m pulpwods are grouped into two general classes, namely 

gymnosperme and woody angiosperme. The commercially important gymnosperme 

are all conifers and are otten reterred to as 11 softwoods". Similarly, 

the arborescent angiosperme are termed "hardwoodsn. Amabilis tir, a 

softwood, is the D)St abundant of the tirs in the Pacifie northwest and 
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torma extensive pure forests in many localities. It attains its largest 

proportions in the Olympie Mountains in western Washington, where mature 

trees are generally from 140 to 160 tt. in height and 2 to 4 tt. in 

diameter. In mixed stands this species is commonly associated with 

Sitka. spruce, Do14glas tir, grand tir, western hemlock and western red 

cedar. 
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HISTORICAL INTRODUCTION 

Ba.rk - The term 11ba.rk11 is used loosely in the nontechnica.l sense 

referring to the outer part of the stems and branches encircling the 

wood. Ana.tomically, it includes all the tissues outside the vascular 

cambium to the outerroost layera of woody stem or bra.nch. These tissues 

are cla.ssified into primary and secondary tissues, ba.sed upon the origin 

or the cells. The primary tissues are differentiated from apical meri

steme. In ordina.ry barks or seed plants, this group or tissues consista 

or epidermis, cortex and primary phloem. Secondary tissues are differ

entiated from two special meristeme, namely the vascular cambium and the 

cork cambium. The secondary phloem is derived from the former. This 

tissue is sometimes called 11bast11 , or "inner bark11 • In general, bark on 

a young branch or stem is composed of both primary and seconda.ry tissues. 

Barka from the co.mmon pulpwo<Xis were long considered as a. waste. 

Presently, considerable efforts are being made to find new uses for bark. 

Some barka have been tested for ma.king low grade pulp or Dl)dified board. 

Attention is being paid also to the by-products and the problems of 

complete bark utilization. 

The over-all chemical composition of many bar~s has already been 

estab.lished (3,4). The chemical constituents of bark can be classified 

into four main groups, namely lignin, cork, polysaccharides and extraneous 

materia.ls. 

Ba.rk polysaccharides can be divided into three groups, namely 

a.) pectic substances which are generally removed by neutra.l or a.cid 

extraction or the bark holocellulose, b) the hemicelluloses which are 

reDI)ved from the rema.inder by extraction with alkali, and c) cellulose 
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Which is the residue left after all extractions. G~ and mucilages present 

in some barksare also polysaccharides. Bark from autumn-felled trees also 

contains starch in appreciable amunt. 

Bark Hemicelluloses - Much of the early investigations on bark 

hemicelluloses were concerned with the general information as to the 

nature of the constituent sugar residues. Schwalbe and Neumann (5) in 

1930 first recognized the presence of a well defined hemiçellulose fraction 

in bark, when they detected considerable amunts of readily hydrolyzable 

hexosans and pentosans in the inner bark of spruce, pine and red beech. 

Buston and Hopf (6) in 1938 reported that ash bark contained approximately 

20% hemicelluloses which on hydrolysis gave mannose, galactose, arabinose 

and galacturonic acid. In 1947 Gram and his co-workers (7), in a study 

of the chemical composition of western red cedar bark observed that the 

largest carbohydrate component of the outer·bark was glucose, correspond

ing to 37.3% of the bark. In 1955 Chang and Mitchell (8) reported the 

chemical composition of many pulpwood barks. All of them contained 

residues of glucose, galactose, mannose, arabinose and xylose, with 

glucose as the major component. 

A systematic investigation of the structural features of bark 

polysaccharides was made by Painter and Purves (9) in 1960. They isolated 

six chemically distinct groups of polysaccharides from the inner bark of 

white spruce (Picea glauca). On hydrolysis these yielded, respectively, 

(a) galactose, glucose, and mannose, (b) xylose and arabinose, (c) 

galactose, (d) arabinose, (e) glucose, and (f) galacturonic acid. The 

fraction containing galactose, glucose and mannose in the ratio 1:2:9 

had [ a.)D -12•. Methylation resulta suggested that it was a linear chain 

of ~-(1-->4)-linked glucose and mannose residues. Timell (10) pointed 
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out that the galactose residues migbt be an integral part of a galacto

glucomaman, and not originate from a galactan as assum.ed by Painter 

and Purveso The fraction consisting of xylose and arabinose residues, 

consisted ma.inly of a (1 --> 4)-linked xylan. Ex:a.mination ot the metbyl

ated galactan suggested that it was higbly branched, wbile the identific

ation or 2,3,6-tri-0-methyl-D-galactose suggested the presence of a small 

aD>unt of p-(1 --> 4)-linked galactan of the type usually associated 

with pectic materials. 

Jabbar Mian and Timell (11) isolated several polysaccharides 

in a good yield from the bark of white birch (Betula pa.syritera). 

Extraction of the holocellulose with aqueous potassium hydroxide gave 

a pure 4-0-methylglucurono.xylan in a yield of 27%. This hemicellulose 

bad (a.] D -68° and consisted of a linear backbone of 230 (1 --> 4)-linked 

xylopyranose residues with approximately one (1 --> 2)-linked 4-0-methyl

a.-D-glucuronic acid side chain per ten xylose residues. 'l'he material 

remaining after removal of the xylan, on extraction with sodium hydroxide 

in the presence of borie ac id gave J. 8% of a polysaccharide mixture. The 

remaining material was pure cellulose (12). 

A detailed investigation ot the polysaccharides occurring in 

the bark of several .gymnosperm species was started by Timell (10). Four 

species, namely Amabilis fir (Abies amabilis), Engelmann spruce (~ 

engelmannii), Lodge-pole pine (Pinus contorta) and Giniqe biloba were 

selected tor this study. The hemicelluloses present in the bark of 

ama.bilis tir were studied in detail. Extractive-free bark was delignifièd 

with acid chlorite, and the resulting holocellulose was successively 

extracted with bot water, 0.5% aqueous a.111110nium oxalate, 24% potassium 

hydroxide and finally with 17.5% sodium hydroxide containing 4% borie 
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acid, an extraction sequence vhicb bad previouslT been used for various 

aoftwoods (13). From the bot wa.ter and the r.otassiua b1droxide extracts 

tl«> apparently similar galactoglilcomannans (A and B) wre isolated by 

precipitat&.on witb barium hydro:Xide.. The material remaining in aolutJ,on, 

after re1110val of galactoglucomarman B, on fllrtber treatments ldrth bar'ium 

bydroxide gave a pure arabino-metbylglucurono-xylan. The sodiua ~roxide

borate extract similarly gave an alka.li-soluble glucomannan containing 

minor uounts of calactose residues., 

The xylan (14) wa.s sbown to consist of at least 124 (1 --> 4)

linked x,lose residues, every sixtb of which carrie4 a single terminal 

(1 --> 2)-linked 4-0-methyl-a-D-glucuronic acid unit, while.every tenth 

residue contained (1 -~3)-linked L-arabinofuranose group, attached as a 

single unit aide chain. The tw wa.ter-soluble galactocluco.mamlans (1.5) 

consisted of a slightlt brancbed tramework of at least 80 p-(1 --> 4)

linked D~mannose and D-glucose residues, every tenth of which on the 

averace carried a (1 --> 6)-linked D-galactowranose unit. The alkali

soluble glucomannan had a linear structure of 70 randomly distributed 

p-(~ --> 4)-linked glucose and mannose residues, with a few galactose 

residues existing as single unit aide chain and thus formins an integral 

part of the molecule (16). 

Becently three hemicelluloses have been isolated {17) from 

the bark of Enplmann spruce (Picea enplmannii) based predominantly 

on residues of xylose, plactose, glucose and mannose. The xylan, obtained 

in a yield ot 4 • .5% of the extractive-free bark, contained resid.ues of 

galactose, glucose, 4-0-methylglucuronic acid, arabinose and xylose in 

a ratio of 6:12:7:10:6.5. Resulta obtained on Mthylation and partial 

hydrolysis indicated the presence of a p-(1 --> 4)-linked xylose framework 
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to which 4-0-aeth;rl-œ-D-glucuronic acid. unite wre d.irectlJ' attached. b;r 

(1 --> 2)-linkageo The arabinose resid.uea were present as terminal non

reducing end groups. The glucose-based Jnl18accharide (" glucan"), 

obtained in a 7ield of 1.8%, contained uronic: acid, galactose, glucose, 

mannose and xrlose in a ratio of 2:11:57:2:28 and conaisted of (1 --> 4)

linked glucose, (1 --> 6)-llnked galactose, and {1 -.,-> 4)-link.ed :qlose 

residues. The glucomannan was obtained in a ;rield of 2. 0% and contained 

a backbone of (1 --> 4)-llnked p-D-tJ.ucop;rranose and $-D-ma.nnop;rranose 

residuea, some of which carried as a aide chain an œ-D-galactop,yranose 

unit, directl;r attached to the 6-poaitions. 

Bark Pectine - In addition to heaicel1u1oses, many barka appear 

to be very rich in pectic substances. Aah bark (6) contained 7% ot pectic 

materia1, ani balsam bark was tound b;r Ha;r and Lewis (18) to contain 14% 

ot a "water-soluble mucilage" in addition to other carboh;rdrates. Sharkov 

and co-workers published a series ot papers (19,20,21) on pectic materia1s 

in the inner barka ot pine, tir and birch. Pine baat waa reported to 

contain up to 35% ot pectin. Anderson and co-workers have isolated the 

pectin components ot botb inner bark (22) and the adjacent cambial zone 

(22,23). Pectic .material in a 7ield of 10% was isolated from the phloea 

of black spruce (24). Painter and Purves (9) Qbtained pectin froa the 

inner bark of white spruce in a yield of 7% of the bark. Timell and 

Jabbar Mian (25) isolated a pectic material (3-4%) froa the inner bark 

ot white birch, containing D-galacturonic acid, D-galactose ar.d L-ara:bin

ose in a ratio of 66:7:27 and also traces of glucose, XJ"lose and rhamnose 

unite. This was the first attempt at•·a structural stu.d7 of a bark pectin. 

The product could not be resolved by various fractionation ~~ethods, but 

free boundary electrophoresis suggested that it was a Jlixture of three 
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dif'terent polyeaccharià.es. A 118thylation stuà.y ot this heteropneoua 

product indicated that the galacturonic acid residues were linked 

together by a-(1 --> 4)-linkages and that L-arabinose existed as non

reducing end group. 

Thornber and Northeote (26) made a quantitative determination 

ot the changes that occurred in the composition ot a cambial cell 

during its ditterentiation and subsequent maturation in tour species ot 

trees namely ~ pseuà.oplantanus, Betula platyffiylla, Fraxinus elatior 

and Pinus p:mderosa. The amount ot pectic substances per cell had been 

tound to be constant during the formation ot the sapwood, but in the 

heartwood there waa an almost complete absence ot this traction (Table 1). 

The carbohydrate composition ot the pectic substances ot the 

cell walls in the phloem, cambial, aapwood and heartwood regions ot 

these tour trees was also determined by the aame authors (27). The 

resulta are preaented in Table 2. It was auggeated that the presence ot 

glucans and xylans in pectic substances could be due to the inclusion 

in thoae preparations ot small amounts ot whole woody tissue. The 

occurrence ot rhamnose in pectic substances and also in hamicelluloses 

was reported. Because ot the relatively high percentage ot rhamnose it 

was suggested that it must be a constituent ot pectic substance•. The 

cambial region ot each tree contained a higher percentage ot rhamnose 

than the phloem, which in its turn had ·a higher percentage than the 

xylem. 

Present Knowledge ot the Chemistrz ot Pectin - It is known. that 

the iaolated pectin is not the true representative ot native pactin due 

to unavoià.able changes taking place during extraction. With the know

ledge ot the structure ot isolated pectin and also tbe possible chanpa 
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TABLE 1 

Pectic substances in different regions of trèes (26) 

Percentages of samp1es after extraction 
with ethano1-benzene (1:2, v/v) 

Species 

Ash 
(~raxinus elatior) 

Birch 
(Betula platyphylla) 

Sycamore 
(Acer pseudop1atanus) 

Pine 
(Pinus ponderosa) 

Phloem 

18.0 

4.4 

outer inner 

3.1 6.6 

10.0 

Cambium Sapwood 

6.6 

18.0 2.6 

15.0 3.8 

8.5 1.3 

Heartwood 

0.5 

0.3 

1.3 

1.0 



Ash 

Birch 
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TABLE 2 

Carbohydrate composition of the pectic substances prepared 

from each tree of the four species (27} 

Ali values as per cent 

Anhydro sugar PhloEm Cambium Sapwood Heartwood 

Galactan 6.0 24.0 17.0 6.0 

Glucan 5.5 7.5 19.0 28.0 

Ara ban 15.0 18.0 9.0 4.0 

Xylan 3.5 2.0 4.5 15.0 

Rhamnan o.1 0.5 trace trace 

Uronic anhydride 70.0 48.0 48.5 47.0 

Ga1actan 7.0 38.5 7.0 6.0 

G1ucan 21.0 9.0 26.0 39.0 

Ara ban 14.1 14.0 8.o 7.0 

Xylan 2.0 3.0 8.o 10.5 

Rhamnan 1.0 1.2 trace trace 

Uronic anhydride 55.0 34.0 51.0 37.0 

(cont•d.) 
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TABLE 2 (cont'd.) 

Anhydrosugar Phloem Cambium Sapwood Heartwood 

outer inn er 

Sycamore Galactan 8.5 4.0 35.5 5.0 4.8 

G1ucan 28.0 5.0 8.1 15.3 15.7 

Ara ban 10.0 10.0 12.9 8.1 7.6 

Xylan 8.0 4.2 1.0 6.9 7.7 

Rhamnan trace 6.0 3.0 1.0. 0.5 

Uronic anhydride 45.0 70.0 39.2 64.0 64.0 

Pine Galactan 7.0 23.0 7.0 6.2 

G1ucan ll.1 13.5 13.2 12.9 

Ara ban 18.5 22.0 10.1 14.1 

Xy1an 0.5 1.0 1.9 3.9 

Rhamnan trace 0.5 trace trace 

Uronic anhydride 62.0 38.0 68.0 62.0 



- 12-

duri.ng iljlolation one can, however, visualize the nature of the native 

pectin. 

Although pectic substances are essentiall.J püyaers of D

galacturonic acid, neutral sugars like D-galactose, L-arabinose, and L

rhamnose and. som.etilaes other sugars also are associated Vith it {48). 

Earlier stud.ies indicated the existence of auch association but did. not 

give any definite proof for it. Even when purified from copper-soluble 

~lysaccharides by precipitation from aqueous solution with cupric ion, 

the anh~rogalacturonic acid content ranges from lesa than 8~ tor 

carrot to 92% tor orange as shown in Table J (28). Arabinose, galactose, 

xylose, and rhamnose have been demonstrated among the hydrolysis products 

of pectic substances from coftee (29). In sisal pectic acid, Aspinall 

and Canas-Rodrigu.ez (JO) round the above sugara plus D-glucose, 2-0-

methyl-L-fucose, and 2-0-methyl-D-xylose. The pectin isolated from 

passion fruit peel, however, wa.s round to yield only L-arabinose and 

L-sorbose in addition to D-galacturonic acid {Jl). Aspinall and Fanshawe 

(32) extracted. mixtures or pectic substances from lucerne, including a 

p:>lysaccharide or pectic acid type which wa.s isolated. from an &.1118)nium 

oxalate extract in a pure etate. Partial hyd.rolysis of this pecj.ic acid. 

yield.ed. 1-rha.mnose, 1-arabinose, D-galactose, D-galacturonic acid, traces 

of tucose, 2-0-methyl-L-fucose, 2-~thyl-D-xylose, and a mixture of 

acidic oligosaccharides including 2-0-(D-galactopyra.nosyluronic acid)-L

rhamnose and oligomers of D-galacturonic acid. Anderson and King (JJ) 

extracted from the fresh-water green alga Nitella translucena a non

esteritied pectic acid which conta.ined 74% or uronic anhydride and on 

hydrolysis yielded galacturonic acid with galactose, arabinose, xylose 

and rbamnose in the ratio of 4:6:3:1. 

Pectic acids tres from neutral sugars are not generall.J obtain-
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TABLE 3 

Sugars liberated by Qydrolysis of purified pectinic aeids 

Orange 

Grapefruit 

Lemon 

Apple 

Fig 

Peaeh 

Pea pod 

Aprieot 

Pear 

Sugar beet 

Avoeado 

Carrot 

Anhydrouronie Arabinose Galactose Rhamnose IYlose 
aeid (%) 

92.1 + + + 0 

91.7 + + + 0 

90.4 + + + 0 

88.0 + + + + 

87.1 + + + 0 

86.8 + + + + 

84.8 + + + + 

83.1 + + + + 

82.6 + + + + 

82.3 + + + + 

79.0 + + + + 

76.7 + + + 0 
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able by mild extraction. From soae plant JU.terials, bowever, higb.ly pure 

pectinic acid almost tree from neutral sugars bas been obtained (34,35). 

Bishop (36) extracted with oxalate a pure galacturonan from sunflower 

head s. 

Pectic substances are usually considered as mixtures or three 

closely associated polysaccharides and it is not,yet detinitely kno.n 

whether or not they are linked by covalent bonds. In the light of the 

earlier etudies these three polysaccharides are identitied as pectic 

acid, containing chains or (1 --> 4)-linked a.-D-galacturonic acid residues, 

present pa.rtly as a methyl ester, a linear galactan containing chaine of 

(1 --> 4)-linked 13-D-galactopyranose residues, and a highly branched 

araban, containing (1 --> 5)- and (1 --> 3)-linked a.-L-arabinoturanose 

residues (37). Recent investigations, however, detinitely indicate that 

each of these three polysaccharides is not necessarily com.posed of only 

one type of sugar. Andrews and co-wrkers (38) isolated by extracting 

vith hot lime water an araban from sugar beet chips which contained L

arabinose, D-galactose, ~rhamnose and D-galacturonic acid in the ratio 

of 74:10:3.5 and 5% respectively and sualler quantities ot 2-0-methyl-D

xylose, 2-0-methyl-L-tuéose, mannose and tucose. A 13-(1 --> 4)-linked 

gal~ctan with 13% galacturonic acid residues has been isolated from 

spruce compreesion wood (39). As m.entioned betore, in many cases it bas 

also been impossible to isolate a pectic acid devoid ot neutral sugars. 

Aspinall (32) in his detailed structural investigation of the 

apparently homogeneous lucerne pectic acid discussed the signiticance or 

the resulta optained. It was pointed out that the main chain ot the 

polysaccharide aust be coapose,d ot (1 -> 4)-i:mk:ed a-D-galacturonic &cid 

residues, that ~rhamnose residues might be interposed between blocks or 
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(1 --> 4)-linked a-D-~lacturonic acid residues as in plant gums of the 

Khaya genus (47), that the exact location of arabi.nose residues was not 

clear but that it must be an integral sugar component, and that the D

galactose residues were mainly present as non-reducing end group, some 

of them probably bei.ng involved in (l -> 6)-l.inkB.ges. 

The methode used in structural hemicellulose che~stry (40) 

are also applied to structural elucidation of pectin. The most widely 

used methode are complete methylation of the polysaccharide and subsequent 

quantitative estimation of the components obtained on hydrolysis, partial 

fragmentation of the polysaccharide followed by identification of the 

resulting oligosaccharides, and periodate oxidation. The latter tecpnique 

is not generaily used, however, because of the ditficulties caused by thé 

easy over-oxidat::i,on (41) of the· polyuronides. 

Biosynthesis - Beari.ng in mind the general structural features 

of pectic acid, galactan and araban, it is hard to visualize the trans

formation of one or these into another in nature, althougn the reason for 

finding them together might be due to some closely related biogenetic 

route. There are at least three ways by which pentose units might 

originate in plants (42), namely through C-6 decarboxylation, through C-1 

decarboxylation or th:r:pugh equilibrium re.actions in the "ester pool" 

involving transketolase and transaldolase. 

Hirst (43) pointed out in 1942 that the "decarboxylation theory" 

was still tenable it oxidation and decarboxylation reactions occurred at 

the JJDnosaccharide leval. The simple uronic acid and pentose clerivatives 

thus formed could theoretically be condensed with each other in any order 

or arrangement possible to gi ve a wide variety of polysaccharides. The 

tact that auch a series of reactions would have to occur in a gel or 
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water-dep1eted system creates at least some doubt about this possibility 

(46). 

An investigation on the formation of pactin in berriea {44,45) 

made by Seegmiller and co-workers gave resulta in agreement with the 

C-6 decarboxylation theory. Considering the available information in 

connection with the biosynthesis or pactin and hemi.celluloses it has 

been suggested (42) that both the "ester-pool", and the 11 glycoside-pool11 

are involved through a hypothetical brid88 in the bios,.nthesis or poly-

saccharides. The 11ester-pool11 consista of Q-phospha.te esters of mono-

saccharides and the 11 glycoside-pool11 ma.y be coaposed o! sucrose, glucose-

1-phosphate, uridine diphosphate glycosides and possibly other nucleo-

tides and pentose-1-phospha.tes. 

Present Investil!tion - As mentioned betore, the structures or 

several hemicelluloses !rom the bark or amabi1is tir have already been 
\ 

established, including an·arabino-4-~thylglucuron~lan, a water-

soluble galactoglucomannan and an alkali-soluble galactoglucoannan. In 

view or the tact that the present structural knowle~ of the pectic 

acid still leaves some controversial points, the object ot the present 

investigation was to obtain pure pectin from the bark or a.mabilis tir, 

resolve it into the constituent polysaccharides and then to determine 

the structure of each •. 
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RESULTS .AND DISCUSSIŒ 

The resulta accompanied by discussion have been presented in three 

parts. Part I deals with the extraction, purification, tractionation and 

other preliminary studies on pectin from the tir bark. Part II is concerned 

with a poly~lacturonic acid. The resulta obtained with a water-soluble 

pectic acid and also, in some cases, an un!ractionated ammonium pectate 

used tor the structural information ot the former are discussed in Part 

III. 

PARTI 

EXtraction ot Crude Ammonium Pectate 

Extraction is an important step in structural studies of plant 

polTSaccharides. During extraction, the chemical composition and structure 

may be changed by fractionation, degradation and chemical modification. 

Pectic acid had bèen reported (49) to give various oxidation products 

b7 the action ot some delignifying agents. It is possible that .,st or 

the reducing groups in the polysaccharide are oxidized to aldonic acid 

end groups. Zienius and Purves (50) showed that some D-galacturonic 

acid could be recovered unchanged a!ter treatment with sodium chlorite 

butfered near pi 2.8 even under conditions that would have oxidized 

glucose to gluconic acid. lt is, there!ore, possible that some of the 

reducing end groups or a pectic polTSaccharide can renain atter deligni!

ication with sodium chlorite. As it is known that the glycosidic linkage 

or the pol7galacturonide is quite resistant to acid hydrolTSis, most 

of these bonds probably remain intact during the preparation of the 

holocellulose (pH 3-4). On the other hand, the possibility or hyctrolTSiS 
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of at least some of the acid-labile arabinofuranosidic bonds and of 

acetate groups cannot be completely exclud.ed. Since it ia not possible 

to isolate and fractionate bark polysaccharides without prior delignif

ication (10), the extractive-free bark or amabilis fir was treated with 

sodiua chlorite and acetic acid to give a àolocelluloae in a Jielâ of 

approxillately sac .. 
The holocellulose was extracted with water at 75-so•c for 

twelve hours to remove water-soluble polysaccharides, after Which the 

residue was treated with 0.5% aqueous ammonium oxalate for twalve hours 

at 75-So•c. After concentration of the ammonium oxalate extract and 

precipitation with ethanol, the crude ammonium pecta.te ((a.] 0 +120° in 

water) was obtained in a yield of 1.3%. According to And.•reon and co

workers (52), decarboxylation can occur When pectic substances are 

extracted with water and with 0.5% aqueous ammonium oxalate to the 

extent of 1-.3% and .3-8%, respectively. D-galacturonic acid on decarboxyl

ation presumabl:y "WOuld give riae to L-a.rabinose. The steps involved in 

the isolation of the crude amapnium pectate in the present case were 

therefore subjected to a closer examination. A small-scale experiment 

was carried out, using different extraction period• with both water 

and amB)nium oxalate solutions, as seen in Fig. 1.. A total or 16 samples 

of crude &liiB>nium pectates were obtained; the yield and specifie rotations 

are given in Table 4. All of these samples were purified b:y precipitating 

the insoluble calcium pectates and then regenerating the ammonium pectates. 

The purified samples were all round to have almost the same composition, 

as can be seen from Table 5. The lower specifie rotations of these 

preparations indicated that the latter were probably contaminated with 

neutral polysaccharides. No at tempt was made to purify the se samples 
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FIGURE 1 

Procedure for extraction of holocellulose with 

water and ammonium oxalate solution for 

different lengths of time 
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TABLE 4 

Crude ammonium pectates obtained by using different 
extraction periods 

Sample Yield, ( a.)n in water, 
degrees % of holocellulose 

Al 10.0 +109 

A2 10.0 +llO 

A3 13.0 + 99 

A4 17.0 + 98 

Bl 10.0 + 99 

B2 10.0 +105 

B3 10.0 +105 

B4 10.0 +lOB 

Cl 10.0 +105 

C2 15.0 +107 

C3 10.0 +llO 

C4 12.5 +llO 

Dl 10.0 +112 

D2 13.0 +llO 

D3 14.0 +109 

D4 14·0 +llO 
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TABLE 5 

Purified ammonium pectates from the different crude samples 

Sample Yield, [ a.)D in water, GalA:Gal:Ara GalA -% of holocellulose degrees Ara 

PAl 2.12 +192.2 78.0:5.2:16.8 4.81 
PA2 2.28 +19l.l 78.0:5.3:16.7 4.67 
PA3 2.94 +197.0 76.2:6.1:17.7 4.30 
PA4 2.35 +189.1 78.0:6.0:16.0 4.87 

PBl 2.18 +187.5 79.5:5.0:15.5 5.12 
PB2 2.70 +185.0 79.0:5.0:16.0 4.93 
PB3 2 .. 52 +198.1 78.0:5.o:17.o 4.58 
PB4 2.75 +189.5 77.0:5.0:18.0 4,.27 

Pel 2.03 +193.0 76.0:6.0:18.0 4.22 
PC2 3.47 +195.0 77.0:6.0:17.0 4.52 
PC3 2.32 +198.7 78.0:5.5:16.5 4.72 
PC4 3.27 +198.0 78.0:5.0:17.0 4.58 

PDl 2.50 +199.2 78.0:5.0:17.0 4.58 
PD2 3.15 +196.0 77.0:6.0:17.0 4.52 
PD3 3.51 .+196.3 76.5:6.2:17.3 4.42 
PD4 3.81 +198.9 76.3:5.9:17.8 4.28 
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further. Considering that the purification steps in all cases were 

identical and that no marked fall in the ratio of galacturonic acid to 

arabinose vas observed, it waa clear that few, if any, or the galacturonic 

acid groups in the pectin were converted. into arabinoae during the large

scale extraction. It is possible that little decarboxylation ocourred 

in this case, because not ali pectic material wa.s exposed to the 

extracting agent ali the time. Altematively, decarboxylation might not 

neoessarily give rise to arabinose. 

The material extracted with hot water from the holoceliulose 

in a yield or 3.5% gave on hydrolysis galacturonic acid, galactose, 

glucose, mannose, arabinose and xylose in a ratio of 10:8:20:44:10:8. 

Free boundary eleotrophoresis of the orude product in O.lN sodium 

ohloride (Fig. 2) suggested thàt it consisted of three components (The 

main peàk vas due to the salt boundary). The constitution of a galaoto

gluoomannan ~solated from the water-extraot was reported earlier (15). 

The very low yield (1-2%) or pectin from the water-extract did not 

pei'llit any detailed study. It was observed, however, that the aDIIIOnium 

pectate obtained from the water-extraot behaved on treatment with cation 

exchange resin as the ammonium pectate isolated by extraction with 

&DIIIOniam oxalate. Evidently, a small portion ot the pectin exista in 

the bark in a water-soluble torm instead of insoluble calcium pectate. 

Resolution or the Crude Ala:lniua Pectate 

The crude &IIIIIIQniua pectate gave, on b.ydrolysis, galacturonio 

acid, galactose, glucose, mannose, arabinose, and xylose in a ratio ot 

38:8:10:22:12:10 and also minor quantities of rha:mnose. The free boundary 

electrophoresis ot this material (Fig. 3) indicated that it was hetero-
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FIGURE 2 

Free boundary electrophoresis of the 

water-extract in sodium chloride 

solution 
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FIGŒE 3 

Free boundar,y electrophoresis of t~e crude ammonium 

pectate in sodium chloride solution 
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geneous, consisting of one tast-moving and at least three or tour slow

moving components. Column chromatography (DEAE-Cellulose) (Fig. 4) gave 

three tractions having the compositions shown in Table 6. From the 

resulta it is clear that the crude ammonium pectate contained a consider

able quantity of neutral polysaccharides. This was also indicated by 

the behaviour ot the material on electrophoresis by the convection 

technique to be described later. The presence ot an araban or a galactan 

could not be proved or disproved. 

Purification 

The ammoniua peetate, atter being d~ssolved in water, wa.s 

treated with calcium chloride solution to precipitate calcium pectate 

Which wa.s washed successively with water, 8% aqueous sodium hldroxide, 

dilute acetic ac id and water-. Treatment of the calcium pectate with O. 5% 

ammonium oxalate solution turnished the puritied ammonium pectate in a 

yield or about Je$ of the crude product. It had (a]0 +2Jo• in water and 

contained D-galacturonic acid, D-galactose and L-arabinose in a ratio 

ot 85:4:11, as well as a trace of L-rhamnose. Free boundary electro

}iloresis ot the purified product (Fig. 5) indicated that it was non

unitorm. It is possible that during the process of purification the 

neutral polysaccharides were ineompletely removed due to their co

precipitation with the calcium pectate. Attempts were accordingly made 

to resolve the puritied aJIB)nium pectate by further fractionations. 

Attempted Fractionations of the Puritied Ammonium Pectate 

Several attempts were made to fractionate the puritied am.onium 

pectate turther by reprecipitation with calcium chloride, precipitation 
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FIGURE 4 

Chromatography of crude pectin on D~ellulose 

(phosphat-e form) 
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TABLE 6 

Chromatography of crude ammonium pectate on 
DEAE-Cellulose (phosphate form) 

% of 
crude 
pectin 

52 

7 

Uronic 
ac id 

+ 

Sugar Residues 

Gal 

+ ++ +++ 

trace + + 

X.yl Rha 

++ 

28 +++ + ++ trace trace 

Absence of the corresponding sugar. 

+, ++, +++ Presence of the corresponding sugar in an increasing amount. 

The same notations are used to present qualitative resulta in 

later Tables. 
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FIGURE 5 

Free boundar,y electrophoresis of purified ammonium 

pectate in borate solution 
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vith cetyltrimethylama>niWil hyd.roxide, fractional precipitation with 

ethanol, ion exchange chromatogra:PtT on diethylaminoethylcellulose 

(phosphate form) and electrophoresis, but in each case the regenerated 

polysaccharide was virtually uncbanged in composition and optical 

ro-tation as shown in Table 7. 

The polysaccharide was subjected to chromatography on diethyl

aminoethylcellulose by the procedure of Neukom, Deuel, Heri and K&ndig (5J). 

No material could be obtained from the water or Jhospbate eluates wbich 

suggested the absence of araban, galactan or any other neutra! polysacchar

ide in the puritied aBIIIIOnium pectate ( 5J, 54). The p>lysaccharide was 

eluted in a single band vith increasing concentrations or sodiWil hydroxide 

(Fig. 6). 

Iean and Goring (55) showed that sodium lignin sulfonate could 

be conveniently and satisfactorily separated from hemicellulose by the 

electrophoresis-convection technique. The ef!iciency of the separation 

wa.s de.monstrated quantitatively on a mixture or two parts or methyl 

cellulose and one part of a carbohydrate-free ligb.in sultonate. When 

this technique was applied' to the crude ammonium pectate, it was possible 

to isolate few fractions with different sugar compositions. The resulta 

are presented in Table 8. Although the collection of the fractions was 

rather arbitrar,r, it is clear that the polysaccharides obtained from top 

layers (tractions I, II and III) were rich in neutra! sugars, whereas the 

lowest layer (traction IV), which became viscous and turbid in the course 

of the electro}i1oresis, was rich in galacturonic acid. Electrophoresis 

of the puritied ammoniua pectate under identical conditions did not give 

any polysaccharide from the top layera and only one traction rich in 

galacturonic acid could be iaolated from the lowest layer. Further 
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TABLE 7 

Attem.pt;ed: fractionations of the purified ammon!um. pee;W.te 

Fractionation 
methi:xls 

l. Precipitation with 
calcium chloride 
(twice) 

2. Precipitation with 
cetyltrimetbyl
a:mmonium. hydro:xide 

3. Chrom.atography on 
DEAE-Cellulose 
(phosphate for.m) 

4. Fractional pptn. 
with ethanol 

i) lst fraction 

ii) 2nd fraction 

iii) 3rd fraction 

5. Electrophoresis 
(convection 
technique) 

Yield, 
% of the 
original 
ry.terial 

88 

90 

84 

40 

30 

24 

85 

((11n SWlar Res!,dues 
degrees, 

(c, 1.0 in Gall Gal Ara Rha 
ster} 

+235 85.0 5.0 10.0 trace 

+232 83.8 4.5 11.7 trace 

+235 85.0 5.2 9.8 trace 

+230 . 85.1 4.9 10.0 trace 

+22S S3.5 s.o 11.5 trace 

+235 85.0 4.0 u.o trace 

+230 84.C 5 .• 5 10.5 trace 
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FIGURE 6 

Chromatography of the purified ammonium pectate on 

DEAE-Cellulose (phosphate fonn) 
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TABLE 8 

Fractions obtained on electrophoresis (convection 
technique) of crude ammonium pectate 

Yield, L«1n in Sugar Residues 
Fraction % of crude water, 

material degrees GalA Qi:! Glu Hên Ara Xxl Rha 

I 10 +80 trace + +++ ++ + + 

II 32.4 + + +++ +++ + + trace 

III 13 +130 + ++ + + ++ + + 

IV +225 + ++ trace + 
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treataent or the turbid, viscous ',layer obtained in both cases and its 

significance are described in the next section. This experiaent shows 

the usefulness or this technique for the separation or acidic and 

neutral polysaccharides. 

Electrophoresis on glass tiber paper with different butter 

systems was attempted but no rractionation could be achieved. 

Fractionation of the Puritied Ammonium Pectate 

The resulta or -the varioua rractionation experill.ents suggested 

that the puritied a.IJIIK)nium pectate must be tree from neutral polysaccharides. 

Althougb acidic polysaccharides dittering in thetr aeidic character should 

be resolvable by chromatography on .DEAE-Gellulosè (56), the }X)ssibility 

of non-homogeneity or the puritied aJIIIW)nium. peetate could not be 

excluded. It eould indeed be rraetionated into two parts bT several differ

ent methods as described below on the basis or the difference in solubilitT 

or the free aeids in wa.ter. 

Wb.en the aqueous solution or the p!lritied a.rar..niua peetate wa.s 

pa.ssed through Amberlite IB.-l20(H) exchange re11in, a colloidal solution 

was obtained. A.!ter concentration to a smaller ~luae, the eluate was 

subjected to ultracentrifugation at 20,000 r.p.m. (40210 g) and the super

natant solution was preeipitated. with ethanol to give a water-soluble 

pectic acid eontaining galacturonic acid, galactose, ara~inoae and rh8.Jin0se. 

The solid resid.ue wa11 washed. with water several times and. reeovered by 

ultracentrifugation eaeh time. Finally a water-inaoluble product was 

obtained eonsisting only or ga.lacturonie acid resid.ues. The intrared 

spectra or the untractionated ammonium pectate, the water-insoluble poly

galacturonic aeid and water-soluble peètic acid (Fig. 12) revealed the 
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coapleteness of the ion exchange trea.tm.ent. other aspects of the infra

red spectra. of these materia.ls will be discussed later. A small qua.ntity 

of a.ra.binose could be recovered froa the filtrate after reJJDval of the 

precipitate of the water-soluble pectic acid, as shown in the flow-sheet 

below. 

Crude Ammoniwa Pectate 

1 
Calcina chloride .treatmen.t. 

~ 
Purified ammonium pectate 

1 
Amberlite IR-120(H) 

~ 
Colloida.l solution 

1 . 

Ultracentrifugation 

Insoluble 1 Soluble • 1 
Polygala.cturonic acid ethanol 

Insoluble 

Water-soluble 
Pectic Acid 

Arabinose 

It is possible that the exchange resin was acidic enough and a.lso access

ible enough to ef.fect removal of some of the acid-la.bile arabinofuranose. 

Similar fractions could be obtained by acidification of the 

aqueous solution of the purified ammonium pectate with N-sul.furic a.cid, 

followed by ultracentrifugation. 

As stated before, a colloidal viscous layer was obtained by the 
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electrophoresis-convection technique troa both the crude and puritied 

ammonium pectates. In both cases a part ot this traction was diluted 

with water and then subjected to ultracentrifugation wben two tractions 

(water-insoluble and water-soluble) were obtained .. 

Fractionation ot polysaccharides using salta auch as ammonium 

sulfate or potassium chloride is sometimes quite etticient. Potassium 

chloride bad been used successtully tor the tractionation ot alginic 

acid {57). By the addition or an aqueous solution ot sodiua chloride 

to the water-solution ot the ammonium pectate it was possible to obtain 

two si.milar fractions. Of course, in this case the polysaccharides were 

recovered as salts. 

The water-insoluble and water-soluble portions, respectively, 

obtained by the different techniques mentioned above were identieal as 

far as their specifie rotations and sugar composition were concemed 

(Table 9). It is evi,dent that the water-insoluble part was tree trom 

neutral sugars. The detection of soma free ~rabinose in the eluate 

atter treatment ot the untractionated ammoniqm pectate with Amberlite 

IR-120{H)1 as mentioned before, indicates that some arabinoruranose 

residues could be originally linked to the water-insoluble polygalact

uronic ac id. However, the isolation ot a p:>lygalacturonic acid devoid 

ot any neutral sugar residue by the application of the electrophoresis

convection technique to the crude and puritied ammonium pectates, where 

auch a cleavage was not possible, eliminated this possibility. 

Enzymic Hydrolzsis 

When the untractionated ammoniwa pectate was treated with 

pectinase,digalacturonic acid and trigalacturonic acid were obtained. 



Method of 
Fractionation 

1. Treatment with 
A:mberlite IR-
120(H) 

2. Aci4ifioation 
with N sulfuric 
ac id 

3. Electrophoresis-
convection 

4. Treatment with 
à.queous sod=!-um 
chloride 

T.A.BLK 9 

Vater-inso1ub1e and water-so1ub1e portions obtained. 
by different methods 

KiÜc~-t:::;i.D.ru;~Jrll~t!! DOrt;Ls;!n 
Yield, [«)g a) 

·Jat!!t=I2Jribl!! ~gtt;i,ga 
Yield, [a.lo Sugar (b) 

%of the . t . %of the in water, composition 
unfractionated ~ va er, Components unfractionated. 
~ial degrees material degrf!let=.J ~ 2!! !!:!._ 

50 +246 Galacturonic 30 +220 74.4 7.1 18.5 
a cid 

54 +240 Galacturonic 28 +225 74.2 a.o 17.8 
a cid 

48 +239 Galacturonic 32 +222 73.0 s.o 19,0 
ac id 

58 +236 Gal.aeturonic 31 +219 74.0 7.5 18.5 
acid + 
arabinose 
(trace) 

(a) [«ln values reported were of the Na-salt of the polygalacturonic acid e.xcept in (4). 

(b) A m.inor amount of rhamnose wa.s present in all four cases. 

v.> 
0'-

1 
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The identification or tbese oligpsaccbarides and other resulta are 

described later. 

Partial Acid Hzd.ro].zsis o! the Crude .AJB)nium Peetate 

The crude amrMmium. pectate was pa.rtially h;vdrolyzed witb N

sulturic acid, giving sma.ll quantities or oligosaccbarides, as sbown in 

Table 10. Only a preliminary study or these could be made at this stage. 

As will be seen later, a partial hydrolyzate or the puritied ammonium 

pectate conta.ined ali these oligoaers except one containing ga.lacturonic 

acid and galactose. 



Yie1d, 
% of the 

crude 
product 

(a) 0.50 

(b) 0.25 

(c) 0.06 

(d) 0.65 

( e) 0.31 
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TABLE 10 

Acidicotigosaccharides obtained on partial acid 
hydrolysis of the cru.de ammonium pectate 

1\zalA. value 
J.n 

so1vent D 

0.05 

0.10 

0.15 

0.19 

0.81 

La.) D 
in water, 
degrees 

+184 

+ 79 

+145 

+ 75 

Component 
sugars on 
hydrolysis 

Galacturoriie 
a cid 

Galacturonic 
ac id, 
rhamnose 

Galacturonic 
ac id, 
galactose 

Galacturonic 
aoid 

Galacturonic 
ac id, 
rhamnose 

Neutra1ization 
equivalent 

505 

.350 
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PART II 

The Polzplaeturonic Acid 

The water-insoluble polym.er gave onl;y galacturonic acid on 

complete hydrol;ysis. The sodiua salt or this polzgalacturonic aeid bad 

( a.] 0 +24.6• in water and was homogeneous as suggested b;y .tree boundarz 

eleetrophoresis {Fig. 7). 

Enz;vmic H;rd.rolpis 

It is well-known that pectinase can degrade pectin to yield 

oligoaers, but in order to get better yields, as pointed out b;y Kuhn (58), 

the oligomers .tonaed ahould be protected from .turther degradation. A 

auitable technique tor this purpose was suggested bz Painter (59}, and 

applied succesafull;y bz Peri~ and Bishop (60} and also bz Tiaell (61). 

The sàme technique, using continuous dial;ysis, was used in the present 

case. 

A commercial preparation o.:r tungal origin, designated as 

"pectinase" and probabl;y constituting a mixture of aeveral enzymes was 

used. It has been described as high~ unspecitic (61). An aqueous 

solution of sodium polygalacturonate waa emplo;ye<l .tor the enzym.ic 

hylirol;ysia. The <lialyzate which contained different oligouronides and 

galacturonic aeid, was eoncentrated, treated with Amberlite IR-120(H) and 

.traetionated b;y paper chromatograph;y. 

It waa originall;r shown by French (62) that it log R.:r/(1-R.:r) is 

plotted aga.inst n, where Rr is the rate o.:r mvement of a augar on the 

paper chromatogram relative to the solvent front and n is the number o.:r 

reaidues in an oligosaccharide, straignt lines should be obtained, differ

ent .tor different polymer-homologous series of sugars. This relation-
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FIGURE 7 

~ree boundary electrophoresis of polygalacturonic 

acid in borate solution 
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ship seemed to be valid even when Rf is replaced by Rx, where Rx: is the 

relative movement with respect to a particular monomer instead of the 

solvent front (61,63). 

When log Rua,1Aj(l - RGa.lA) values for different oligouronides 

obtained by the enzymic hydrolysis or the polygalacturonic acid were 

plotted against n, where RGa.lA is the rate of movem.ent or oligomer 

relative to galacturonic acid in solvent B, a linear relationship was 

obtained, as shown in Fig. 8 suggesting that the oligouronides belonged 

to a ho&>logous series. The dimer and trimer were shown to be a.-(1 --> 4)-

linkéd D-galacturonides, as will be descr~ed later. 

Methylation Studies 

Methylation is one of the most useful techniques available in 

the structural investigation or polysaccharides. In most cases partial 

aethylation of the material ia initially achieved by using dimethyl 

sulfate and sodium hydroxide (68). Recently, a method using barium oxide 

and methyl iodide in di.methyl sultoxide bas been used for the initial 

partial methylation of severa! polysaccharides (69, 70), but in view of 

the insolubility of barium pectate this is probably not a ver.y suitable 

procedure for partial methylation of pectin. Due to the instability 

of the galacturonosidic linkages towards alkali (64,65,66,97) it is 

also not desirable to methylate pectin with dimethyl sulfate and sodium 

hydroxide wi.thout proper consideration of this factor. The instability 

of esters of pectic acid bas been explained by Neuk:om and Deuel (66) by 

assuming a p-alkoxy elimination (Fig. 9), as suggested by Kerm.er (67) 

for the breakdown of oligo- and polysaccharides. The earboxylate group 

at C-6 is not sufficiently electronegative to activate the hydrogen at 
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FIGURE 8 

·.· Relationship of log l Raa1A / ( 1 - Ro.aa) ] with 

n {degree of polymerization) of oligamers 
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FIGURE 9 

~ine d•gradation of pectin 
1 . 
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C-5 in alkali and the cleavage of the (1 --> 4) glycosidic bond does not, 

therefore, generally occur under these conditions. Altbougà the poly

glycosiduronic acids are more stable than their esters, they are not 

completelJ' stable in alkaline solution ( 71). It is possible to à.dopt 

either or the following two procedures in order to miniaize degradation 

durU1g aethylation. Eitber the polyuronide should be methylated tor 

a limited period of time with dim.ethyl sulfate and sodium. hydroxide and 

then be further methylated by the m.ethod of Kuhn (72), or the carboxyl 

group of uranie acid residues should be reduced. In the present case 

the latter alternative wa.s adopted. The reduced polyuronide can be 

obtained either by acetylation of the product followed by reduction of 

the tree acid with diborane (73,74), or by esterification with propylene 

oxid.e or ethylene oxide (75) followed by reduction of the ester with 

sodium borohydride. It is orten necessary to repeat the esterification 

and reduction cycle several times to achieve complete reduction. It 

has been reported that the esterification or alginic acid with propylene 

oxide proceeded better in organic solvants than in wa.ter, althougb the 

initial rate in water was higher than in some or the organic solvents 

(76). 

In the present case the polygalacturonic acid wa.s treatèd with 

propylene oxide to fons the glycol ester which waa subaequently reduced 

with sodium borohydride. The esterification-reduction cycle was repeated 

tour times when galactose and galacturonic acid were present in a ratio 

ot 94:6. The reduced product was used for methylation. An attempt to 

reduce the polygalacturonic acid, after prior acetylation (77), by using 

diborane was made later, but complete reduction wa.s not achieved, probably 

because of the difficulty in dissolving the acetylated product in diglyme, 
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which was used as a solvant during the reduction. 

The reduced product was methy'lated tirst wi.th diœ.ethy"l sultate 

and subsequently with methyl iodide and silver oxide to yield a methyl

ated galactan with a methoxyl content ot 42.6% and [a.)D +125• in chloro

torm. The m.ethoxyl content could not be raised by further methylation. 

A p:>rtion of the methy"lated product was refluxed with N-methamlic 

hydrogen chloride and then hydrolyzed with N-sulfuric acid. The 0-m.ethyl 

sugars were sepa.rated by pa.per chromatography. The relative 8JDl.Ullts are 

preaented in Table 11. 

The major fraction (b) was identitied as 2,3,6-tri-~ethyl-D

galactose by its conversion to the corresponding galactonolactone. The 

minor fraction (a) was 2,3,4,6-tetra-0-methyl-D-galactose characterized 

as its aniline derivative. The third traction (c) was mainly 2,3-di-0-

methyl-D-galacturonic acid. The presence ot this compound was clearly 

due to incomplete reduction of the polygalacturonic acid. Atter reduction 

of the carboxyl group with lithium aluminum hydride this fraction was 

chromatographically homogeneous and consisted of 2,3-di-0-methyl-D-galact

ose, identitied through its aniline derivative. It is evident that 2,3,6-

tri-0-methyl-D-salactose and 2,3-di-0-methyl-D-galacturonic acid for.med 

the major part of the mixture of methylated sugars. These compounds could 

arise only from (1 --> 4)-linked D-galacturonic acid residues present in 

the original, acidic polysaccharide. It was possible to isolate only 

tew crystals (ca. 3 mg.) ot the aniline derivative of fraction {a), 

indicating that this fraction might have been contaminated by some 

unidentitied impurities. Theretore, the isolated am::»unt (10 mg.) should 

not be used for obtaining the molar ratio ot the components. The presence 

ot impurities in this traction was also indicated by thin layer chroma.to-



Fraction 

{a) 

(b) 

(c} 

-46;.. 

TABLE li 

Methylated sugars obtained on hydrolysis of the 
metbflated polygalactan 

)\;value in 
solyent Weight, 

__jL -1L '8· 

o.90 o.ao 10(?} 

0.73 o.so 980 

o.oo 

Identity Mole 
per cent 

2,3,4,6-tetra-o- 0.9 
methyl-D-galactose 

2,3,6-tri~ethyl- 95.2 
D-galactose 

2 ,3-di-0-aethyl
D-galacturonic 
ac id 

3.9 
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graphy on silica gel-Gand also a model experiaent in Which 2,3,4,6-tetra-

0-m.ethyl-D-galaetose wa.s sp1.thesized and converted to its aniline derivative 

on different ecales (including a 10 mg. scale). The yield of the anilide 

was round to be llO.' of ·2,31 4, 6-tetra-0-aethyl-D-ga.lactose. It the molar 

ratio of 2,3,4,6-tetra-0-methyl-D-galactose, as shown in Table ll and 

the number average degree of p:»lyœ.erization of 450, obtained by osmm.etric 

measurements, are taken into consideration, it appears that the püy

galacturonic acid. might be slightly branched, a situation Which is quite 

unlikely for two reasons. Firstly, if there wa.s branching at p:»sitions 

2 or 3 there should be some 2,6-di-, 3,6-di- or soae mono-0-m.ethyl-D

galactoses which vere not obtained in the present case. Secondly, this 

type or branching should give some (1 --> 2)- or (1 --> 3)-linked oligo

uronides on partial hydrolysis of the p:»lysac,charide, coapounds which 

vere not observed. It seems reasonable, theretore, to assume that the 

aniline derivative was formed in a yield of 110%, which would. give 2. 7 mg. 

of the tetra-~thyl-D-galactose, resulting in a molar ratio or 0.20, 

96.0 and 3.9 for fractions (a), {b) and (c) respectively (Table 11). 

As it was not p>ssible to reduce the carbcX7l groups completely 

with sodium borohyd.ride, the rema.ining uronic acid portion wuld give 

aethylated sugar acide on hydrolysis of the methylated p:»lysa.ccharide. 

A sma~l sample or the methylated polysaccharide was, therefore, reduced 

ldth LiA1H
4 

in tetra.hydrofura.n, methylated again with silver oxide and 

raethyl iodide and then hydrolyzed. In addition to the main traction of 

2,3,6-tri-0-methyl-D-galactose and the minor fraction of 2,3,4,6-tetra-

0-aethyl-D-galactose, another small fraction having the same mobility or 

2,3-d.i-~thyl-P-galactose wa.s now obtained. 

Ail these resulta auggested that the water-insoluble polygalact-
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lU"'nic &cid was a straigbt-chain polyaer consisting or (1 --> 4)-linked 

~-D-galactop,rranosyluronic &cid residues. This resresents the firat 

isolation from bark or & true p»lygaJActuronie &cid, eompletely rree 

ttom neu.tral augan. Its high degree or polyaerin.t!on, unbranched 

cllara.cter, and lov aethoxyl content (calcu.lated tor coapletely eaterified 

polygalacturonic acid: CMe, 16.3%; round: Œe, 0.6%, compared. to a aethoql 

T&lue or 2. 7% for the water-aolu.ble pectic ac~d) cou.ld probably explain 

its eolubility characteristica ( 93). 
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PART III 

The water-Soluble Pectic Acid 

Unlike the poly~lacturonic acid, the water-soluble polysacchar-

ide contained D-ga.lacturonic acid1 D-galaetose, L-a.rabirlose and L-rhunose 

in a ratio o! 73:7:18:2. Free bounda~ electrophores~s ·or this water

soluble pectic acid (Fig .. 10) suggested that it was not homogeneous. A 

similar electrophoresis pattern (Fig.. 11) was obtained with a sam.ple o! 

water-soluble pectic acid obtained in a slightly moditied way, as shown 

in the flow-sheet below. 

Purified ammonium pectate (untractionated) 

lllEAE-Collulooo 
Recovered material 

l Amborlito IR-120(8) 

Colloidal solution 

Ultracentri!~tion 

Insoluble Soluble 

Water-soluble pectic acid 

On the other hand, chroma.tograJily on DEAE-Cellulose (JilosJilatel using 

gradient elution with sodium hydroxide showad a single peak. The product 

obtained !rom the DEAE-Cellulose column and the materials resulting after 

treatment with calcium chloride and cetyltrimethylammonium hydroxide had 

siailar compositions, as shown in Table 12. All these resulta suggested 

that it might be a mixture o! very closely related acidic polysaccharides 
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FIGURE 10 

Free boundary electrophoresis of the water-soluble 

pectic acid in borate solution 
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FIGURE il 

Free boundary eleetrophoresis of the wa.ter-aoluble peetie aeid, 

obtained atter chroma.tography of unfraetionated ma.terial on 

DEAE-Cellulose (phosphate) 1 in borate solution 
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TABLE 12 

Attempted fractionations of water-soluble p~ctic •eid 

Yield, (a!R, Sugar residues(a) in 
% of the in ter, [ela~;ive :ee~: sawti 

Met.hod original degrees 
material GalA ~ Ara 

1. Repeated 90 +222 74.5 7.0 18.5 
precipitation 
with calcium 
chloride 

2. Precipitation 92 +225 75.0 7.5 17.5 
with cet.:yltri-
methylamm.onium 
hydro:xide 

3. C}lranatogi'1àphy ao +216 ?4 .• 0 7.5 18.5 
on DEAE--
Cellulose 

4. Fractional 
preéipitation 
with ethanol 

i) 30 +222 74.0 8.0 18.0 

'ii) 35 +218 74.4 8.2 17.4 

iii)· 20 +220 74.0 7.8 18.2 

(a) Rhamnose (in minor am.ount) was present in all fractions almost to 
the sam.e ext.ent which was not estimated. · 
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ditfer~g sligbtly in their content of galacturonic acid residues and in 

JIIDlecular aize. Gel filtration using SeJ:hadex G-200 failed to resolve 

it further, which probably indicates the absence of very low JDOlecular

weigbt chaine.. The resulta obtained on chromatographie resolution 

suggested (56) the absence of neutral or slightly acidic araban or a 

galactan (38,39). 

It was evident that the neutral sugars were probably integral 

parts of the pectic acid and it was accordingly decided to subject the 

pol75accharide to a structural investigation. Different possibilities 

existed for the mode of attachment of the neutral sugars. The neutral 

sugars might be located in the main chain of a polygalacturonic acid or 

they might be directly attached to the main chain as single unit side 

chains. Alternatively, the neutral sugar residues could be attached 

to the end of different branches or form short chains linked directly 

to the acid-framework. From th~ resulta obtained on methylation and 

on partial hydrol78is it was possible to exclude some of the possibilities 

mentioned above. 

Hethylation ot the Water-soluble Pectic Aci4 

As stated betore, it is necessary to reduce the carboql group 

ot pectic acid betore subjecting it to the action ot dimethyl sulfate and 

sodium. hyd.roxide in order to minimize alkaline degradation. In the 

present case, with a pectic acid containing galactose, arabinose and 

rhamnose in addition to galacturonic acid, a prior reduction would make 

it impossible to obtain any information conceming the linkage ot the 

galactose residues. The pect~c acid was, therefore, methylated without 

prior reduction. Dimethyl sulfate and alkali were used a miniawa number 
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of t!Bes, followed by methylation to completion with meth;rl iodide and 

silver oxide. The methy'lated meth;rl pectate (CKe, .39.2%) was hyùrolyzed 

vith N-sulturic acid and resolved into an acidic and a neutra! portion 

using anion excbange resin. The acidic traction alter being treated 

vith anh;ydrous methanolic hydrogen chloride was reduced vith lithium 

aluminum h;ydride and h;ydrolyzed. The 0-methyl sugars thus obtained 

were separated by preparative paper chroaatograpby (Table 13). Fraction 

A4 wa.s turther resol'veà into two components using pa.per chromatograpby. 

The neutral portion was resolved into six tractions using paper chromato

graphy. The a.mount ani characteristics of ali fractions are presented 

in Table 14. 

The methylated sugars (tractions Al to A5 as shown in Table 

13) originated !rom galacturonic acid and the co•ponents Nl to N5 (Table 

14) !rom the neutral suga.rs present in the original p:>lysaccharide. 

Fraction Al contained onl7 one component, 2,.3,4-tri-0-aeth;rl-D-galactose, 

identitied by its conversion to the cr;rstalline aniline.derivative. 

Fraction A2 was identitied as 2,.3-di-0-metbyl-D-galactose by its 

conversion to crystalline aniline derivative. Component AJ was obtained 

in a very small quantity and was probably' an artitact. The cr;rstt.lline 

traction A4(ii) was identit:Îed as 2-0-meth;rl-D-ga.lactose. Component 

A4{i) was tentatively' identitied as .3-0-methyl-D-galactose. Among the 

neutral tractions Nl was characterized as 2,.3,5-tri-~eth;rl-~rabinose 

by its conversion to the cr;rstalline 2,.3,5-tri-0-meth;rl-~rabonamide. 

Another major traction, N2, was identitied as 2,.3,4,6-tetra-0-œeth;rl-D

galactose through its crystalline aniline derivative. Com.ponents NJ and 

N4 were tentatively characterized as a di-0-m.ethyl-L-arabinose and 2,.3,4-

tri-0-methyl-D-galactose respectively. Since no 2,.3,6-tri-0-meth;rl-D-
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TABLE 13 

Methylat.ed sugars obtained from the acidic portion of 
the hydrolyza.tè of methylated methyl peetate 

Weight, la1n Sugar on Ro values in 
Fraction mg. in water, demethylation sol vent 

demes __jL _JL 

Al li +107 galactose 0.36 0.66 

A2 336 + 78 galactose 0.21 0.51 

A3 2 galactose o.u 0.40 

A4 140 + 85 galactose 0.04 0.29 

A5 28 o.oo 0.16 

Resolution of A4 

Relative taJn Rgalactose Rez values MG valu-es 
Components percent age in water, vilues in in 

of A4 de &tees solvant A solvent G 
!. ~ 

A4(i) 48 +101 2.0 0.24 0.72 

A4(ii) 52 +80 2.35 0.31 0.44 



Fraction 

Nl 

N2 

N3 

N4 

N5. 

N6 
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TABLE 14 

Methylated sugars obtained from the neu.tral portion of the 
hydro1~ate of methylated methyl pectate 

Weight, [a.)D in Sugar on v~es ~values 
mg water, demethylation. so1vent H so1vent G qegrees 

60 -36 a.rabinose o.oo 1.08 0.92 

40 +106 galactose o.oo o.so 0.87 

10 + 65 arabinose o.oo 0.48 0.63 
+ trace of 
xy1ose 

6 galactose o.oo 0.40 0.72 

ll + 40 rhamnose 0.37 0.24 0.61 

8 galactose: 
arabinose: 
rhamnose in 
an approx. 
ratio of 
(3:4:1) 
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galactose was .torœed it .tollows that (1 --> 4)-linked galactose residues 

wre absent. Fraction N5 was characterized as 3-0-lleth;rl-L-rha.mnose while 

.traction N6 was a mixture o.t different sugars, probabl;r 1110no-aeth;rlated 

galactose, ara~inose and some unaeth;rlated rhamnose. 

Taking into consideration the relative a1110unt and the composition 

o.t the acidic and the neutral portions, the composition o.t the entire 

mixture o.t 0-aeth;rlated sugars was obtained. The data are presented in 

Table 15. The structural signi.ticance of these resulta ma;r be assessed 

b;r considering the various acidic and neutral components. It is clear 

that the main chain o.t the pol;rsaccharide consisted o.t D-galacturonic 

acid residues linked together b;r (1 --> 4)-gl;rcosidic bonds. The high 

positive rotation suggested that these residues were present in the 

«-JBOdification. The asunt of 2-0-meth;rl-D-galacturonic acid, 3-0-

meth;rl-D-galacturonic acid and also D-galacturonic acid suggested that 

these constituted branching points in the polJm8r. Since D-galactose 

and L-arabinose appeared mainl;r as the 2,3,4, 6-tetra-0-aeth;rl- and 

2,3,5-tri-~eth;rl-derivatives, respectivel;r, it can be said with 

certaint;r that most o.t the D-galactose and L-arabinose residues were 

present as non-reducing end groups. At this stage it was not clear 

whether the;r vere directl;r attached to the 2 or the 3-position o.t 

galacturonic acid within the chain or attached to some branches o.t 

D-galacturonic acid. This p:>int is discussed later in the light o.t 

the resulta obtained on partial hyd.rol18is.. The small quantities o.t 

2,3,4-tri-0-aeth;rl-D-galactose and di-0-meth;rl-L-arabinose le.tt some 

ambiguit;r as to their origin. Thes• compounds could be the result of 

incomplets meth;rlation or d.eaeth;rlation during hyd.rol;rsis o.t the meth;rlated 

pol;rsaccharid.e. Alternativel;r there might be some L-arabinose and 
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TABLE 15 

Relative molar ratio of different methylated sugars 
originating from water-soluble pectic acid 

Component Mole per cent 

2,3,4-Tri~ethyl-D-galacturonic acid 1.4 

2,3-Di~ethyl-D-galacturonic acid 45.3 

Di-0-methyl-D-galacturonic acid 0.3 

3~ethyl-D-galacturonic acid 9.7 

2-0-Methy 1-D-galacturonic ac id 

D-Ga.lacturonie acid 

2,3,5-Tri-0-methyl-L-arabinose 

2,3,4,6-Tetra-0-methyl-D-galaetose 7.2 

Di-ù-methy1-L-arabinose 

1.2 

3~ethy1-L-rhamnose 

Mixture 1.8 
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(1 --> 6)-linked D-g.alactose residues located within the main chain or 

in branches. Most of the L-rhamnose residues of the polysaccharide ,vere 

obtained as 3-~thyl-L-rhamnose. No other methylated rhamnose could 

be detected. Although trace aJII>unts of 3,4-di-0-methyl-L-rhamnose Dlight 

have occurred along with the 2,3,4,6-tetra-~thyl-D-galactoae, because 

of their close RG values, the resulta on paper electrophoresis, where 

they have widel7 different Jll)bilities (96), elpü..nated this )X)aaibility 

in the present case. This su~sted that the rhamnose was not present 

as a non-reducing end group. More information concerning the mode 

of attachment of the L-rhamnose was obtained from partial hyd.rolysis 

experimenta, to be described later. 

Enzymic Hydrolysis 

The action of pectinase on the polyg.alacturonic acid, as stated 

before, resulted in the formation of galacturonic acid, and ita di-, 

tri-, tetra- and penta-mers .. A s~lar treatment ot the water-soluble 

pectic acid yielded only traces of tetra- and pentasaccharides. The 

enzymic hydrolyzate consisted of D-salacturonic acid, ita diDler and 

trimer, and the neutral sugars. No acidic oligpsaccharides containing 

neutral augara vere formed. The enzymic hydrolyzate ot the unfraction

ated am1110nium pectate ahowed a lower yield of the higher oligomers, as 

shown in Table 16• The di- and trigalaeturonic acid obtained from the 

water-aoluble pectic acid were identical with thoae tormed on partial 

a.cid hydrolysis. 

It haa been pointed out by Lineweaver and co-workers (78) tbat 

commercial pectinase contains some enzymes other tban pectinesterase and 

polyg.alacturonase. The poly-galacturonaae acta on the de-esteritied· 
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TABLE 16 

Comparison of the action of pectinase on 
different pectin fractions 

Oliggmers of gelacturonic acig 

Unfractionated, 
purified ammonium 
pectate 

Polygalacturonic 
ac id 

Water-soluble 
pectic acid 

Dimer Trimer Tetramer Pentaœer 

++++ ++++ + + 

++++ ++ ++ 

++++ ++++ trace trace 
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portion of the polygala.cturonide chain. It was not certain, but seemed 

likel.y, that both carboxyl groups adjacent to glycosidic (1 --> 4)-linkage 

laU.st be !'ree tor the linkage to be labile to polygalacturo~se. It was 

also mentioned that i!' large amounts o!' pectinesterase are present during 

the enzymic hyd.rolysis, the rate o!' hyd.rolysis approached that o!' the 

action of polygalacturonase on pectie acid. 

In the light o!' the existing knowledge o!' the nature o!' pectin-

ase, it is possible to explain the resulta obtained here with the three 

different tractions o!' pectin. In the case o!' the water-insoluble poly-

galacturonic acid, 'Wbich had practicall.y no ester group and which was 

s~own to have the !'ollowing structure, 

•••• Al ---> 4Al ---> 4Al ---> 4Al ---> 4Al ---> 4Al ---> 4Al •••• 

A • a.-D-galaeturonie acid 

scission aight take place almost in a random !'ashion {although the 

relationship for random cleavage does not hold good exactly aa can be 

seen !'rom Table 17) 1 as a re ault of whieh some higher oligouronides could 

be !'ormed. In the case of the water-soluble pectic acid. which was shown 

to have the !'ollowing structural !'eatures with some aide chaine o!' neutral 

augars, the cleavage or 

•••• Al ---> 4Al ---> 4ll --> 4Al ---> 4ll ---> 4Al •••• 

I t 
A • a.-D-galacturonie acid 

N • Neutral sugars (galactose or arabiJ'X)se) 

the (1 --> 4)-linkage by p:>lygalacturonase would depend on the rupture o!' 

the (N ---> !)-linkages, caused by an enz,me other than polygalaeturonase 



TABLE 17 

Oligoaera obtained .t'rom polygalacturonic acid by the 
action o.r pectinaae 

Amount Total auDunt (mg.) Percent Maxi.uwm 
(mg.) (calculated) o.r theoretica.l 

Compound isolated present in the polygalacturonic yield (%) 
hydrolyzate a cid .t'or random 

-- clea.va.ge (58) 

Digalacturonic 56 8.3.0 9.3 29.8 
a cid 

1 

Trigalacturonic 40 59.3 6.7 18.7 "' 1\) 

a cid 1 

Tetragalacturonic 12 17.8 2.0 13.8 
a cid 

Pentagalacturonie 2 3.0 0.3 11.0 
a cid (approx.) 
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and pectinesteraseo Instead of random cleavage, so.m.e selective cleavage 

at lesa hinderéd positions (re.IJI)te from the branching pointa) vith sub

sequent hydrol;rsia of the (N ---> A)-bonds by the other enzy.m.e., followed 

by cleavage of some of the previoua~ protected linkages would liberate 

only di.m.era and trimera or galacturonic acid., From the 11.ethylation atudy 

of the water-soluble pectic acid it was evident that there were 20-25 

non-uronide aide chaine per 100 unite of the lB) le cule. If it is aasumed 

that these non-uronide side chaine were distributed in a randoa way, 

attached to every third or fourth galacturonic acid residue in the main 

chain, the J.X)SSibility for the formation Of higher oligomers would be 

By the action of the same pectinase on 4-0-methylglucurono

xy-lan ( 61) oligomers ot the type f- I )n-I were obtained !irat, 

A 
because the pectinase was incapable of rupturing glucuronosyl bonds, and 

second, because steric hindrance was prominent in the immediate vicinity 

and to the right of the branching points. Neutral oligomers of the type 

x[- I ]n- X were, however, also !or.m.ed, probably because ~:mly every 

tenth xylose residue, on the average, carried an acid aide chain. In 

the present case, the (N --> A)-linkages were easi~ hydrolyzed bt the 

enzyme, and higher oligomers were absent due to the large number of aide 

chains. 

Conchie and LeVT.T (79) have show.n that the glycosidaae activities 

or certain enzyaes are inllibited in the presence or aldonolactonea of the 

corresponding configuration. 'When an arabinoxylan from rye flour and 

cocksfoot grasa were hydrolyzed by a commercial •IJZ1llle preparation in the 

presence of arabonolactone a seriea of oligosaccharides containing both 

xylose and arabinose was obtained, one of which was identitied as 0-L-



-64-

arabinofuranosyl-(1 --> 3)-0-J3-D-xylopyranosyl-(l --> 4)-D- xylose (SO). 

Since a similar situation existed in the present case, an attempt waa 

made to isolate some oligosaccharides containing both galacturonic acid 

and arabinose using pectinase in the presence of arabonolactone. However, 

no su ch oligoaer could be obtained., 

Partial Hzdrolysis 

It is known that the glycosidic bond of the (1 -> 4)-lin.k:ed 

a:-galacturonides is very. resistant to acid hydrolysis compared to that 

ot neutral polysaccharides. This property ia probably due to the ateric 

effect of the carboxyl group at C-5 and p:>ssibly also to the effect of 

the chain conformation (81). 

In order to find· suitable conditions for partial hydrolysis 

the water-soluble pectfc acid, a preliminary study was carried out using 

different acid concentrations and different lengths of time. Oxalic 

acid (O.lN), formic acid (45%) and sulfuric acid (lN) were used and the 

aliquote were taken at an interval of one-halt or one hour. Each ali

quot was divided into two parts - the hydrolyzate and the degraded poly

saccharide. The mixture or mno•rs and oligomers was recovered from 

the bydrolyzate in the usual way and the degraded pectic acid was 

hyd.rolyzed to completion. The resulta are presented in Tables lS-21. The 

arabinofuranosidic linkage waa veq easily cleaved, as could, or course, 

be expected., Since no neutral oligosaccharides were formed in any or 

these hyd.rolytic conditions, no chain of neutral sugars should be present. 

This was also suggested by another experi.ment. Oligomers of L-arabinose 

eould be isolated by Andrews and Jones ( 94), and also by Ste }:ben ( 95) by 

mild hyd.rolysis of polysaccharides., Under similar conditions, in the 



Comp::ment 

Acidic 
oligosaccharide 

Neutral 
oligosaccharide 

Galacturonic acid 

Galactose 

Arabinose 

Rhamnose 

TABLE 18 

Partial hydrolysis or the water-eoluble pectic acid with 
O.lN oxalic acid 

Tiae of hygro:l.:.Jl!lis.J hours_ 
1/2 _1_ 1 1/2 ...L 2 1/2 .2_ J 1/2 4 5 --o 

trace + + + + + + + + 

+ + + + ++ ++ ++ ++ 

trace + + ++ ++ ++ ++ ++ ++ +++ 

+++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

trace trace trace trace 

0" 
VI 

1 



Comp::ment 

Galacturonic acid 

Galactose 

Arabinose 

Rhamnose 

TABLE 19 

Complete bydrolyais of the degraded pectic acids (atter partial 
hydrolysis witb O.IN oxalic acid tor different periods) 

Time or hydrolysis, bours 
1-L,g_ - _!__ l l/2 ~ 2 l/2 ...L J l/2 4 5 b 

+++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

++ + + + + + + + + trace 

+ + + + + + trace trace trace 

o-. 
0'-
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TABLE 20 

Partial hydrolysis of the water-soluble pectio aoid with 
45% formic acid 

Component V2 
Time of WJ:lsis. hours 

1 172 2 1/2 2 lt ï/2 5 j/2 

Acidic 
oligosaccharide trace + + 

Neutral 
oligosaccharide 

Galacturonic acid trace + ++ 

Galactose trace + ++ +++ +++ +++ 

Arabinose +++ +++ +++ +++ +++ 

Rhamnose trace 

6 V2 

+ 

++ 

+++ 

+++ 

trace 
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TABLE 21 

Partial hydrolysis of the water-soluble pectic acid 
with lN sulfuric acid 

Componept Jh ..L 1 ï/~lln':l! ~~· ÏQ!?~ 4 

Acidic 
oligosaccharide + + + + ++ ++ ++ 

Neutral 
oligosaccharide 

Galacturonic 
ac id + ++ ++ ++ ++ +++ *+ +++ 

Galactose ++ ++ ++ +++ +++ +++ +++ 

Arabinose +++ +++ +++ +++ +++ +++ +++ +++ 

Rhamnose trace 

5 

+ 

+++ 

+++ 

trace 
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present case, no :QfliUtral oligosaeeharide eould be deteeted on the paper· 

ehromatogram after autohydrolysis or hydrolysis wi.th O~lN sulfuric acid. 

Rhamnose ·:Was not so easily removed. ·The beat yield of acidie oligo

saeeharides was realized by using N-sulfurie aeid. 

In another experiment. a small quantity of the water-soluble 

pectie acid was partially hydrolyzed wi.th t{-sulfurie acid for 3 1/2 hours 

and the aeidic oligosaeeharides were separated from the neutral augars 

on ion exehange resin. The acid fraction, on complete hydrolysia gave 

galaeturonic ac id (major) and rhamnose (minor) which indicated the 

presence of one or more acidic oligosaccharides eontaining these sugar 

residues. By the combination of ion exehange and paper chromatography 

it was possible to isolate four acidic oligosaccharides which had 

identic~ mobility wi.th those obt&ined from the unfractionated amnonium 

pectate (purified). 

In order to make availa.ble more of these compounds a large 

quantity of the unfractionated ammonium pectate (purified) was partially 

hydrolyzed with N-sulfuric acid. Four acidic oligosaccharides could 

be isolated from the hydrolyzate. Their general charaeteristics are 

shown in Table 22. The oligosaccharides containing galacturonic acid 

and rhamnose, which must have originated from the watf3r-soluble pectic 

acid were completely characterized as described later. 

Two oligomers of D-galacturorric acid which were tentatively 

identified as di- and trigalacturonic acids were obtained in five differ

ent ways, namely by the enzymic hydrolysis of the unfractionated ammonium 

peetate, by énZ)'Dlic hydrolysis of the polygalacturonie aeid, by enzymic 

hydrolysis of the water-soluble pectic acid, by partial acid hydrolysis 

of unfractionated ammonium pectate, and by partial acid hydrolysis of 
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TABLE 22 

01igosaccharides obtained by partial hydrolysis of the 
purified ammonium ·pectate ( unfractionated) 

Constituent 
Oligomer sugar 

[u)~ 
in wa er, 

RGalA in 

residu es degrees so1vent D 

{a) Galacturonic acid +187 0.05 

(b) Galacturonic acid +liS 0.10 
a.nd rhamnose (1:2 
approx.) 

(c) Galacturonic acid +154 0.20 

(d) Galacturonio acid +108 o.oo 
and rhamnose (1:1 
approx..) 

~ 
~ 

0.97 

0.7.3 

0.95 

0.67 
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the water-soluble pectic acid. All diaers and trimera obtained by any of 

these methods bad identical mobilities in different solvent systeas and 

the same specifie rotations. For complete characterization of these 

two products a larger quantity was isolated by enzymic hyd.rolysis or 

the untractionated ammonium pectate. 

Characterization of the Olispsaccharides 

Oligosaccharide ( d) containing galacturonic ac id and rhamnose 

in equimolecular proportions was identified as 2-0-(a-D-galactopyranosyl

uronic acid)-~rhamnose from the !ol1owing observations. Reduction or 

the derived methyl ester~eth;rl gl7coside with sodium borohydride 

!ollowed by hydrolysis gave galactose and rhamnose. A negative color 

test with triJi'lenyltetra.zolium chloride in alkaline medium ( 82, 84) 

indicated the presence of 2-0-substitution. The appro:x:ima.te 110lar 

ratio (1:1), the neutralization equivalent (345), and the RGalA value 

(0.8) suggested that the compound was a disaccharide. Atter reduction 

with sodium boroh;ydride am subsequent hydrolysia, no rhamnose could 

be detected on the paper chromatogram. The reducing end of the di

saccharide accordingly consisted of rhamnose. Methylation with 

dimethyl sulfate and sodium hyd.roxide turnished a crystalline product 

with the same m.elting point as that rep:Jrted by Aspinall (32) tor 

methyl 2-0-(2,3,4-tri-0-methyl-D-galactopyranosyluronic acid)-3,4-di-

0-methyl-L-rhamnopyranoside dih;ydrate. The methylated product, when 

reduced with diborane and hydrolyzed, gave 2,3,4-tri-0-aethyl-D

galactose and 3,4-di-0-meth;rl-L-rhamnose. The a-configuration or the 

glycosidic linkage was assigned on the basie or the strongl7 p:Jsitive 

optical rotation (Table 22)o This oligosaccharide bas apparently been 
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isolated in many cases (32,83-89), although a complete structural 

investigation bas been carried out only in a tew cases. 

Oli&Qsaccharid.e (b) conta~ing approxima te !y two parts of 

rhamnose and one part of galacturonic acid was show to be 0-a.-D

galacturonosyl-(1 --> 2)-0-I.-rha.mnopyranosyl-(1 --> 2)-L-rhamnose on the 

basis of the following observations. The approxiJaate ratio of the· 

component sugars and the neutralization equivalent (505) indicated that 

the compound. was a trisaccharide. On partial h7drolyais it gave 2-0-

( a.-D-galactopyranosylu:ronic acid)-L-rhamnopyranose. The same disacchar

ide was also obtained. on partial hydrolysis of the trisaccharide atter 

prior reduction with sodium borohydride. Methylation with dim.ethyl 

sulfate and sodium hydroxide tollowed by methyl iodide and silver oxide 

turnished a product which on h7drolysis gave one spot having the Ra 
value of 3,4-di-~ethyl-L-rha.mnose and another spot which did not move 

in solvent H and which was probably 2,3,4-tri-0-methyl-D-galacturonic 

acid. The trisaccharide did not give any color with triphenyltetra

zolium hyd.roxide. 

Oligpsaccharide (c) eonsisting of only galacturonic acid was 

identified as 4-0-(a.-D-galactopyranosyluronic acid)-D-galacturonic acid 

from the following observations. The compound had (a.] D +154.3 in water 

in good agreement with the reported value ( 98). It gaye a positive 

color test with triphenyltetrazolium hydroxide. Using the procedure of 

Jones and Reid ( 99) the compound was converted to a galactobiose which 

was chromatographically and ionophoretically indistinguishable from an 

authentic sample of 4-0-a.-D-galactopyranosyl-D-galactopyranose. 

Oligosaccharid.e (a) also gaye only galacturonic acid on 

hydrolysis and was identified as 0-a.-D-galactouronosyl-(1 --> 4)-0-a.-
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D-galacturonos;rl-(1 --> 4)-a.-D-galacturonic acid. on the basis of the 

f'ollowing observations. The compound bad. (a.)0 +187.2, in water in an 

excellent agreement with the reported. value (98) for the trigalacturonic 

acid.. It gave positive color test with triJhenyltetrazolium hydroxid.e. 

On partial hydrolysis it gave oligosaccharide ( c), galacturonic ac id 

and trace or the original trisaccharid.e. The latter was converted 

to its methyl ester-meth;rl glycoside, reduced with sodium borohydride, 

methylated vith methyl sulfate and sodium hydroxide followed by 

methyl iodide and silver oxide, reduced again with lithium aluminum 

hydride and. rinally methylated witb methyl iodide and silyer oxide 

to f'urnish a product which was hydrolyzed with N-sulf'uric acid to 

give 2,3,4,6-tetra-0-methyl-D-galactose, 2,3,6-tri-0-methyl-D-galactose 

and a di-0-meth;rl-D-galactose in an approximate ratio of 0.8:1.6:1. 

The presence of the di-~ethyl-D-galactose was evid.ently due to incomplete 

meth;rlation. Its electrophoretic mobility indicated a 2,3-substituted 

sugar. 

Infra.red Spectra. o~ Oligomers and PolYJ!ers 

The inf'ra.red spectrum is olten very userul in the structural 

investigation of oligo- and polysaccharides. Glucose-containing oligo

saccharides exhibit absorption bands at 840 ~ 8 cm-1 and 894 ~ 7 cm-1 

whicb are said to be characteristic of' a.- and p-link:s, respectively (51). 

Recently, Reintjes and his co-workers (109) reported some inf'rared 

spectra or different pectins. 

The infrared spectra of' the untractionated a.->nium pectate, 

the water-insoluble polygalacturonic acid and the water-soluble pectic 

acid (Fig. 12), and those ot the oligosaccharides (Table 22) as shown 
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FIGURE 12 

Infrared spectra or 

A.. Puritied. ammonium pectate 

B. Polygalacturonic acid 

C. Water-soluble pectic acid 
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in Fig. 13 were recorded. It is evident that the water-insoluble and 

water-soluble pectic acids had almost identical spectrao All the oligo-

mers also had similar spectra. In all cases absorption bands were 

present at 3420 .! 20 and 3400 .! 20 cm-1, "spectively, which could be 

attributed to hydrogen bonded OH-stretching vibrations. The bands at 

1750 cm-l for the pectic acide and at 1740 .! 5 cm-l for the oli~sacc-

harides were due to G-0 stretching vibrations of either ester or lactone 

groups. Since there were no ester groups in the oligosaccharides 

and the p!)lygalacturonic acid and only negligible UDunts in the water-

soluble pectic acid, this band was probably due to the presence of a 

lactone, indicating that lactonization of the galacturonic acid moiety 

easily occurred on concentration in ~ at an elevated temperature or, 

more likely, during the proceas of drying the solid or syrup over 

calcium chlorid.e in vacuo. When the substances were redissolved in 

ordinary distilled water, an acidic PK was clearly observed indicating 

that if a lactone ring (presuma.bly between C-6 and C-3) was present at 

all, it was easily opened by water. D-ga1acturonic acid after a similar 

treatment of concentration and drying showed a shift of c-o stretching 

-1 6 -1 frequency from 1716 cm to 17 0 cm and the materia1 showing absorption 

at 1760 cm-1, when redisso1ved in ordinary distil1ed water showed acidic 

pa. This observation a1so, perhaps, indicates the formation ot unstab-1e 

lactone ring in D-ga1acturonic acid (101). 

Possible Structural Features 

Based on the methy1ation data, two possible structures can be 

drawn tor the water-so1ub1e pectic acid, namely (I) and (II) as shown 

be1ow ( where rhamnose has been omit ted). Since no oligomer of galact-
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FIGURE 13 

Intrared spectra of olicosaccharidea 

(a, b, c and d as in Table 22) 
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Gal Al[ --> 4 Gal Al --> 4 Gal Al --> 4 Gal Al -> 4 Gal Al1--> 4 Gal A 2(.3) 

T n 

1 
(Gal A) x 

4 

T 
1 

N 

Structure I 

Gal Al [-> 4 Gal Al --> 4 Gal Al --> 4 Gal A1--> 4 Gal A 
2(.3) 
j n 

1 

N 

Structure II 

Gal A·· a-D-galactopyranosyluronic acid 

N • D-galactopyranose or 

~rabinoturanose. 

uronic acid having (1 --> .3)- or (1 --> 2)-linkage could be isolated 

structure I is lesa likel7. 

Both the methylation and. partial hydrolfSis resulta suggested 

that rhamnose must be part ot the galacturonic acid. tra.mework. The 

isolation ot the oligosaccharidea (III) and (IV), and the tact that only 

Rh a 
2 
t 
1 

GalA 

(III) 

Rb.a 1 --> 2 Rb.a 
2 

1 
GalA 

(IV) 

Rha • L-rhamnowranoae 
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• 3-0-m.ethTl-L-rhamnose wa.s obtained from the aethylated polym.er are 

consistent with a structure of the t7pe (V) below, where A eould be 

••••••••• 4 Al-~ 4 Rha 1 --> 2 Rha 1 ••••••••• 
2 4 
t 
1 

GalA 

Structure V 

either galacturonic acid or rhamnose, the latter is lesa likel7 in view 

or the formation of onl7 3-0-aethTl rhamnose. 

It A carries no substitution at C-2, it is possible that a 

(Al --> 4 Rha)-bond would be more susceptible to acid h;ydrol7Bis than 

the (Rh& 1 --> 2 Bha)-bond (74). Assuming that gl7cosidic hydrol7sis 

proceeds through the c7clic mechaniUI. ( 90, 91) and that the formation 

of the carbonium ion requires a transformation from the puckered chair 

fora to a planar halt-chair tora (92), the large bulk7 substituent 

(galacturonic acid) on C-2 of the rhamnose mciet7 will diainish its 

tendenc7 to assume the halt-chair conformation. This resistance could 

be sufficient to cause a lower rate of hydrol7BiS tor the glycosidic 

bond (Rha 1 --> 2 Rh.a) relative to (Al --> 4 Rha) in structure V, and 

would explain the formation of (IV) rather than (VI) or (VII). From 

GalA 1 --> 4 Rh& 
2 
Î 
1 

GalA 

(VI) 

Bha 1 --> 4 Rha 
2 
i 
1 

GalA 

(VII) 
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the present investigation it was not certain whether some rhamnose residues 

existed as reducing end groups, substituted at C-4. The absence or a~ 

3,4-di-~thyl-L-rhamnose suggested that auch units must exist. Isol

a.tibn of compound (IV) would indicate the attacbment or an acid-labile 

residue. Therefore, a modified form of structure V could be present auch 

as that shown below (VIII). 

? 
--> 4 Gal Al -> 4 Rb.a 1 --> 2 Rha 1 --> 

2 4 

T T 
l 

GalA 
l 
AL 

AL • sugar residue such as a.rabinofuranose, containing 

an acid-labile glycosidic linkage. 

Structure VIII 
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CŒC:WSICliS 

Pectin obtained .t:rom the bark ot a.mabilia .tir conaiated o.t tw 

tractions, namel;y a water...:inaoluble pol;ygalacturonic &cid (galacturonan) 

arrl a water-aoluble pectic acid, containmg mstl;y galacturonic acid, 

but also galactose, arabinose and rhamnose reaidues. This is the .tiret 

tiae auch a resolution o.t a pectic-material has been achieved. The 

pol;ygalactu:ronic acid was coaJX)sed o.t about 450 (1 --> 4)-linked a.-D

galactop;yranos;yluronic acid residues (Fig. 14). The water-aoluble 

pectic acid conaiated o.t a linear backbone ot (1 --> 4)-linked a.-D

galactop;yranosyluronic acid residues. L-Rhamnopyranose residues were 

present at the reducing end or within the main chain. The majority o.t 

the D-galactopyranose and L-arabinDturanose occurred as non-reducing end 

groups, probabl;y attached as single unit aide chains to C-2 or C-.3 o.t 

the D-galacturonic acid residues in the backbone (Fig. 15). 

The water-inaoluble polygalacturonic acid was boiiiDgeneous. 

Althougb the unequivocal proot .tor the ho.ogeneity o.t the water-aoluble 

pectic acid was miasing, the neutral sugars DIU.st be integral parts ot 

the pectic acid. 

It appears that the water-soluble pectic acid bas man;y 

identical structural .teatures with the lucerne pectic acid inTSstigated 

b;y Aspinall and Fanshawe (.32). In bota cases, the absence o.t 2,.3,6-

tri-0-Mth;yl-D-galactose in the hyd.rol;yzates ot the m.eth;ylated J»l;y

aaccharidea de.tinitel;y show that a (1 -> 4)-linked pectic galactan ia 

not alwa;ys aaaociated with pectic acid. On the other band, mst o.t the 

galactose residues appeared as 2,.3,4,6-tetra-o-meth;yl-D-galactose, 

indicating that they exiat as terminal unite. An indication ot the 
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FIGURE 14 

Structural formula tor gala.cturonan 



--> 4-a.-D-Ga1pA-1---> 4-a-D-Ga.1pA-1--> 4-a-D-Ga1pA-1-->4-a.-D-Ga1pA-1-> 

Galacturonan 

(Po17salacturonic acid) 
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FIGURE 15 

Tentative structure tor water-aoluble pectie acid 



--> 4-a.-D-Ga1pA-1 ---> 4-a.-D-Ga.1pA-1 ---> 4-a.-D-Ga1pA-1 --> 4-a.-D-G&1p.l-1 ---> 4-a.-D-Ga1pA-1 --> 
2(3) 2(.3) .3(2) .3(2) 

r r r r 
1 1 1 1 

[D-Ga1p]n D-Ga1p L-Arat [L-~r)n 
6 
i 'Î 
1 L-A.raf 

D-Ga1p 

Pectic Acid 
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presence of few (1 --> 6)-linked galactose residues waa obtained in both 

cases, although no 0-(gala.ctosyluronic acid) galactose as obtained from 

lucerne pectic acid could be isola.ted in the present case. A simila.r 

oligosaccharide, howeTer, was probably present in the partial hydrolyzate 

of the crude tir pectin. It is possible that the p:>lyaaccharide giTing 

rise to the formation or auch an oligosaccharide was re~œnd during 

purification of the crude pectin. Isolation ot 2-0-{a-D-galactopJranosyl

uronic acid)-~rhamnose and a trisaccharide containing galacturonic acid 

(1 part) and rhamnose (2 parts) !rom both pectic acids suggesta that 

rhaanose is an integral part ot pectic acid. In the present case 110re 

information could be obtained about this trisaccharide which shows that 

the rhamnose residues are probably joined together through a ~-L-(1 --> 2)

linkage. Unlike lucerne pectic acid, no .3,4-di-0-aetb.Tlrb.amnose could 

be obtained in the present case. The state of the arabinose is almost 

the same in botb. cases, existing as terminal units in the turanose 

form. Isolation of a di-0-arabinose, whicb. was not completely identitied 

in the present case leayes some possibility tor their existence as inner 

units.. A sma.ll qua.ntity or this could, howeTer, arise due to incomplete 

methylation or demethyla.tion during hydrolysis. It could be possible 

that some 2,.3-di-0-methyl-~rabinose was obtained because of formation 

of ~rabinose residues by decarboxylation ot D-galacturonic acid 

during extraction, but in the light of the present inTestigation this 

probability is lees likely. Finally, it is important to note tbat 

unlike tir pectin lucerne pectin migb.t not contain an7 bigb. •lecula.r, 

water-insoluble polygalacturonic acid. 

It appears that "pectic acid" of the so-called psctic triad is 

a pb.ysical Ddxture of acidic polysaccharides, soae based entire~7 on D-
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galacturonic acid, and some consisting of D-galacturonie acid, D-galactose, 

L-a.rabinose and, perhapa, L-rhamnose in proportions vhieh migb.t vaey to 

a considerable extent depending on tbe origin of the pectin. It is 

quite likely that most of the neutra! sugar residues occur in aide 

ehains. It is also possible that peetie substances, like hemieelluloses, 

eontain a family of elosely related molecular speeies. 
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Ail evaporations were carried out under reduced pressure below 

45•c. Optical rotations wre 1111asured at 546 DijJ. and 578 JaJ.1. at 2.3• + .3•c 

using a Zeiss photoelectric polarim.eter; the specifie rotations wre 

equilibrium values reterred to 589 1&Jl ( eodium-D-line) with the aid ot the 

Drude equation. Unless otherwise mentioned, rotations were observed 

with water solutions. All mel ting }X)ints wre corrected. The methoxyl 

determinations wre carried out according to a standard procedure (117, 

118). De.methylations ot the methylated sugars were pertorJMd with 

boron trichloride (104) and the products were examined by p:Lper 

chroma.tography. Unless otherwise specitied, intrared spectra were 

obtained with a Unicaa S.P. 100 double beam prisa grating spectrophoto

meter. The }X)tassium bromide pellet technique was used. 

Paper Chromatograpny 

Chromatographie separations were carried out at room temperature 

by the descending technique on Whatma.n No. 1 tilter paper.; For prep:Lrative 

purposes, What.ma.n No. 3 MM paper stitched 'with a wick ot No. 50 was used. 

RGau values or the acidic oligosaccharides reter to rate ot mvement 

relative to D-&alacturonic acid and ~ values ot the methylated sugars 

were taken as the BOvement relative to 2,.3,4,6-tetra-~thyl-D-glucose. 

The tollowing solvent systems (v/v} wre used tor paper chroJDatograJ;hy: 

(A) ethyl acetate:acetic acid: water (9:2:2) 

(B) ethyl acetate:acetic acid: water (9:.3.5:2) 

(C) ethyl acetate:acetic acid:water (10:5:6) 

(D) ethyl acetate:acetic acid:tormic acid:water (18:.3:1:4) 
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(E) ethy'l acetate:p)Tidine:water (8:2:1) 

( F) !!,-butanol: pyridine: water ( 10:.3:.3) 

{ G) !!,-butanol:ethanol:watér (4: 1:5, upper layer) 

(H) 2-butanone:water:~ni{t. ( 90: 8:2); the mixture waa aaturated for 
24 hours at 4 •c and the non-aqueeua layer waa uaed. 

{I) !!,-butanol:ethanol:water (5:1:4, upper layer}. 

Paf!r Blectrophoresis 

Paper electroJitoreais was carried eut in o. O!M borate solution 

at 700 volts using Whatma.n No. J'MM pa.per. All MG values, de!ined aa the 
1 

relative mvement er aey sugar with rèapect to D-glucose, were corrected 

for movement due to electroendosmosia by reference to 2,.3,4,6-tetra-0-

metbyl-D-glucoae or 2,.3,4,6-tetra-0-aethyl-D-galaetose. 

Sugars wre located on the chromatograms and electropb.oreto-

grams by spraying with a solution of 2,-&minodiJitenyl in glacial acetic 

acid {105). 

Free Boundarz Electrophoresis 

Tiselius electroliJ.oresis waa carried out with a Spinco Kodel 

H apparatua. PhotograJita were taken at the initial, intermediate and 

final stage a. The polysaccharide ooncentration was 2%. Sodium chloride 

{O.lN) and aodium tetrabo-rate (O.O!M) solutions were uaed. 

Hyd.roll!is or the Polyaaccb.arides 

Hytirolysis ot all pol;rsaccharides was carried out by the method 

of Saeman and co-workers (106). The polysaccharide was treated vith 72% 

sulturie aeid to form a paste and heated at .30•c tor about 45 minutes. 

The contents were transferred to a small beaker, diluted with water {28 
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tim.es the volume or sul.turie aeid) and the solution was autoelaved tor 

75 minutes at a steam pressure o.t 15 p.s.i. Atter neutralization with 

barium carbonate and subsequent treatment ot the tiltrate with Amberlite 

IR-120(H) exehange resin, the solution was coneentrated and stored in 

the cold. 

Quantitative Sugar Estimation 

The hydrolyzates o.t the J»lysaceharidea were resolved by paper 

ehromatography in solvent E and in soae cases also in solvent A. Atter 

elution with appropriate amounts or water, the various redueing sugars 

were estimated by the spectrophotoaetrie ~~ethod ot Tim.ell, Glaudemans and 

Currie (105). 
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PARr I 

Preliœinary Studies 

Preparation of Extractive-free Bark 

The sawdust (20-80 JUsh) of the bark of amabilis fir (Abiea 

ama.bilis) wa.s e.xbaustivel7 extracted in a big Soxhlet apparat us with 
'\ 

ethanol:benzene (1:2, v/v) for 24 ·hours and then dried in the air. 

Preparation of Holocellulose 

The bolocellulose wa.s prepared by the chlorite method of Wise 

and co-workers (107). Extractive-free bark (1200 g., on dry basie) was 

suspended in water (18 litera) at 75•c. Glacial acetic acid (120 ml.) 

was added, followed. by sodium chlorite (360 g. ) which was added p>rtion-

wise over a period of one hour with vigorous stirring and at 75•c. 

Freah reagents (acetic acid and sodium chlorite) were added evecy hour. 

The reaction waa diacontinued after four hours. The contents of the 

f~sk were allowed to aettle and the liquid from the top was decanted 

after which the oxidation was continued in the sa.me way tor a.nother 

three hours. The white holocelluloae waa waahed, firat by decantation, 

and then on a B~chner tunnel with distilled water and later with ethanol. 

The material was finall7 dried in the air. Yield: 586 g., 48.8% of the 

dey extractive-free bark. Yield of 49 :!:. 3% was generall;y obtained in 

different experimenta. 

Isolation of Crude Pectin (preliminary etudies) 

The holocellulose (50 g.) was suspended in water (1 liter) 

in a beaker. Potassium acetate (3. 3 g. ) waa added and the mixture was 
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stirred vigorously at 75-ao•c for three hours. The residue (A) obtained 

arter removal or the water extract was thoroughly washed with water by 

filtration. In a similar way the residues B, C and D were obtained by 

extracting, in each case, 50 g. ot holocellulose with water for 6, 9 and 

12 hours respectively (Fig. 1). Each of these residues was extracted 

with 0.5% ammonium oxalate solution (1 liter) at 75-80°C tor 12 hours, 

aliquote being tak:en atter 2, 6, 9 and 12 hours. In this way 16 

fractions were obtained, all precipitated with ethanol. The precipitates 

were recovered by filtration and washed with 75% ethanol, ethanol and 

finally with petroleum ether. 

Puritication of the Crude Fractions 

The crude extracts were precipitated as calcium pectates by 

adding lo.;C aqueous calcium cbloride. The insoluble calcium pectates 

were washed thoroughly with water, heated with 0.5% ammonium oxalate 

tor 30 minutes, and then centrifuged to reœve calcium oxalate. The 

~egenerated ammonium pectates were isolated by precipitating with 

ethanol. Samples PAl to PD4 (Fig. 1) were thus obtained. 

Large-ecale Extraction of Holocellulose with Water 

The holocellulose (1200 g.) was stirred in water (18 litera) 

at 75-so•c for 12 hours with potassium acetate (60 g.). The aolid 

residue was recovered by filtration and washed with hot water (20 litera). 

The combined tiltrate and washings were concentrated in vacuo at 40-50°C 

to three litera, and the aqueous solution was added with stirring to 

ethanol (15 litera). The precipitate tormed was collected by filtration, 

washed successively with 71$ ethanol, ethanol and petroleum ether (b.p. 
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.30-60°C) and dried .!!!, vacuo at room temperature over calcium chloride 

and p>tassium hyd.roxide to give a white p>wd.er. Yield: 42.0 g., 3.5% 

of holocellulose. 

Isolation of Pectin from the water-Extract 

The material {40 g.) extracted from holocellulose with water 

was dissolved in water (1 liter) to which a 10% aqueous solution ot 

calcium chloride (250 ml.) was added when a precipitate was tormed which 

was isolated by centrifugation. The residue, atter being washed with 

water, was treated with a hot aqueous solution (O. 5%) ot a.IJJIIOnium oxalate, 

centrifuged and the clear solution was precipitated with ethanol to give 

700 mg. o:f ammonium pectate. 

Isolation of Crude Ammonium Pectate on a Large Scala 

The material remaining after extraction with water ot the 

holocellulose was extracted with 0.5% aqueous ammonium oxalate (15 

litera) tor 12 hours at 75-80°C. The extract was precipitated with 

ethanol, filtered, washed with 70% ethanol, ethanol and then petroleum 

ether, and dried ~ vacuo over calcium chloride to yield a white material 

(1.30 g., 10.8% o:f holocellulose). Yields o:f 11-1.3% were obtained in 

different experimenta ta.1 0 +120° :!: 7°. 

Purification of Crude Ammonium Pectate 

The crude ammonium pectate (11.3 g.) was dissolved in water (2 

litera) atter which a 10% aqueous solution ot calcium chloride (1400 ml.) 

was added. The resulting precipitate was washed with water (8 litera), 

then suspended in 4 liters o:f water to which 8% aqueous sodium hyd.roxide 
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(2 litera) was added, stirred well, filtered quickly, and washed vith 

dilute acetic acid followed by water. The solid cal~ium pectate, thus 

obtained, was heated with O. 5% a.aaonium oxalate solution tor JO minutes 

at 75-80°C. The insoluble calcium oxalate was removed by centrifugation. 

The supernatant solution was concentrated and precipitated with ethanol. 

The precipitate was filtered, washed successively with 7rJ/, ethanol, 

ethanol and petroleum. ether, and dried in vacuo over calcium chloride. 
~ 

Yield: 37.0 g., 32.7% of the crude product; [a.)D +230°; CMe, 0.9%; a.sh, 

2.3%. Several batches of puriried aJJtll')nium pectate were prepa.red {all 

with ta.JD +230! 5°) and used in subsequent experimenta. 

The intrared spectrum. exhibited maxima at the tollowing 

frequencies {cm-1): 3400 (s), 3200 (s), 2925 {m), 1615 (s), 1420 (s), 

1338 (m), 1244 (w), 1151 (m), 1107 (s), 1085 (s), 1052 (w), 1023 (s), 

957 {m), 898 (w), 880 (w), 840 (w), 8L8 (w) and 775 (w). 

Attem~ed F.ractionation or the Purified Ammonium Pectate 

1. Repeated precipitation with calcium chloride: The ammonium 

pectate was reprecipitated as calcium pectate, washed thoroughly with 

water and then regenerated as &m~J~Pnium pectate by means or aJIIIIDnium 

oxalate as described before. Yield: sa% of the original material. 

2. Precipitation with cetyltrimethyl&IIIDOnium mroxide: The pre

cipitate was washed with water. It could not be decomposed with 5N 

acetic acid but instead by hea.ting with 0.5% a.queous ammonium oxalate. 

The an111mium pectate wa.s recovered in the usual wa.y. Yield: 9(J/, of the 

original material. 

J. Fractional precipitation with ethanol: Amrll>nium pectate (1 

g.) was dissolved in water (200 ml.). and ethanol wa.s added slowly with 
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stirring. Three precipitates were removed by centrifugation atter 

addition or 200 ml. of ethanol each time. Iields are given in Table 7. 

4. Ion exchange chromatograPBT on dieth11aminoethylcellulose 

(phospha.te torm): The same procedure, as described below, was followed tor 

the chromatography of the crude and the p!rified pectin. Diethylamino

ethylcellulose (40 g.) was washed three times altematel.y vith O. SN 

hydrochloric acid and 0.5N sodium hydroxide, and finall.y with wa.ter. 

The .ma.terial thus obtained was suspended in an O. 5M solution of sodium 

dihydrogen }ilosphate and brought to Pi 6.0 by adding 0.5M solution of 

of disodiua hydrogen phosphate. It wa.s deaerated by keeping in vacuum 

overnight and then washed with 0.005M phos}ilate butter (pH 6.0). The 

resulting DEAE-Cellulose (phos]ilate form) was put into a coluan and 

wa.shed with water until it wa.s free from phosphate ion. 

The moderatelY concentrated aqueous solution of the polysacc

haride (J00-400 mg.) was added at the top of the column, which was eluted 

successively with wa.ter (400 ml.), 0.025M-(500 ml.), 0.05M-(500 ml.), 

O.JM-(500 ml.), and 0.25M-(500 ml.) sodium dihydrogen }ilos}ilate (pH 6), 

and a gradient of sodium hyd.roxide (water - O • .)M NaOH; 2 litera). 

Fractions were eollected in 15 ml. portions. The chromatographie separ

ation was followed by examining each test tube for the presence of the 

p:>lysaccharide by determining its optical rotation and also by hydrolyzing 

the contents (0.1 ml.) with concentrated sulfuric acid (5 ml.) in the 

presence of phenol (1 ml.) (108). 

For the isolation of the polysaccharide from the phosphate 

eluate, the solution wa.s treated with a mixture or cation and anion 

exchange resins, concentrated and precipitated with ethanol. To recover 

the polysaccharide from sodium hydroxide eluate, the latter was treated 
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with Amberlite IR-120(H) and then poured into ethanol. In one experialent 

the regenerated tree acid was converted to sodia salt by aeane or sodium 

bicarbonate, precipitated asain with ethanol and recovered in the ueual 

way. Yield of the sodium pectate was 84% ot the original purified 

a.JI8lnium pectate (Table 7). In a similar way sodiUil pectate could be 

obtained from crude pectin in a yield of 28% (Table 6). 

5. Electropnoresis-convection method: The electrophoresis

convection apparatus used has been described by Yean and Goring (55). The 

general set-up is shown in Fig. 16. The solution wa.s held between t...o 

co-axial nylon baga, 3.2 cm. and 5.1 cm. in diameter and about 4.3.2 cm. 

long. The inner bag wa.s filled with distilled water and contained the 

platinum. cathode which wa.s prevented from touching the inner bag by 

aeans of a glass frame. The anode consisted of four 0.6 ca. x 4.5. 7 cm. 

strips of platinum, mounted on a Lucite frame and placed outside the 

outer bag. The voltage wa.s ueually ma.intained between 250-4.00 v. 

The a..mmonium pectate (500 mg.) wa.s dissolved in 4.00 ml. of 

water and then placed between the inner and the outer bags. Atter about 

5 hours a turbid viscous layer was clearly observed at the bottom ot 

the outer tube. Atter 8 hours, the current was turned. ott and tractions 

were carefully re1110ved with a syringe starting from the top layer with 

minialum disturbance of the contents. In one experialent with the puritied 

a..mmonium pectate the turbid viscous layer was neutralized with sodium 

bicarbonate and the sodium pectate was recovered in a yield ot 85% ot 

the original p.1rified aJIIIK)nium pectate (Table 7). 

Fraetionation of the Puritied Ammonium Pectate 

1. Treatment with Amberlite IR-120(H): The a..mmonium pectate (0.5 
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FIGURE 16 

Appar&tus tor eleetropboresis-conveetion technique 
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g. ), af'ter being dissolved in water, was added to the top of a column of 

Amberlite IR-120(H) which was eluted with water. The turbid eluate was 

concentrated and subjected to ultracentrifugation at 20,000 r.p.a. (40210 

g). The supernatant clear solution was treated with DOre Amber lite IR-

120(H) until no more turbidity was observed. The resulting clear solution 

was concentrated and precipitated with ethanol. The precipitate was 

washed with ethanol and petroleum ether and then dried in ~ over 

calcium chloride to give a yield of 160 œg. of the water-soluble pectic 

acid. The rema.ining solid residue was washed with water and subjec~ed 

to renewal ultracentrifugation. This process was repeated in all six 

times. The solid material was finallt washed with acetone and then with 

petroleum. ether, a.fter which it was dried in ~ over calcium chloride 

to yield 250 mg. of the water-insoluble polygalacturonic acid (galact

uronan). For ;targe-scale tractionation a larger column of Amberlite IR-

120 (H) was used. The water-insoluble pol7galacturonic acid used in the 

subsequent experimenta had a methoxy'l content of 0.6%; la.10 +246 :!:. .3 • 

(tor the sodium salt); and ash, 0.16%; and ahowed intrared absorption 

at the tollowing trequencies (cm-1): .3440 (s), 2930 (m), 2600 (w), 1750 

(e), 1640 (m), 1415 (m), 1340 (m), 12.35 (m), 1155 (a), 1107 (a), 1082 (s), 

1055 (m), 102.3 (s), 990 (m), 955 (m), 913 (w), 892 (w), 8.35 (w) and 795 

(w). The water-soluble pectic acid uaed in the subsequent experimenta 

bad oœ3, 2. 7%; ( a.)0 +220° !, 5°; ash, 0 • .35%; the intrared spectrum showed 

absorption at the tollowing trequencies (cm-1): .3420 (s), 2925 (m), 2550 

(w), 1750 (s), 16.38 (a), 1415 (m), 1340 (m), 12.35 (m), 1155 (s), 1108 (s), 

108.3 (s), 1055 (m), 1022 (s), 955 (m), 895 (w), 8.35 (w) and 795 (w). 

2. Acidification with Sulturic Acid.: To the aqueous solution ot 

p.1ritied ammonium pectate, N-sulturic acid was added slowly with eontinuous 
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stirring until the Pl was 4, when som.e precipitate appeared. which wa.s 

removed. by ultracentriru~tion. The solid resid.ue or polysalacturonic 

acid., atter being wa.shed. with wa.ter several times rollowed by wa.shing 

with acetone and. petroleum ether, was d.ried and. recovered. The super

natant acidic solution was add.ed to tour times its volume of ethanol 

to produce a precipitate of pectic acid which was recovered in the 

usual wa.y. 

3. Electro;rhoresis-convection method: The turbid vis cous layer 

obtained at the bottom or the bag, as mentioned before, vas diluted with 

wa.ter. A.fter being centrifuged, the supematant solution wa.s mixed with 

ethanol and the precipitate formed wa.s recovered in the usual way. The 

water-insoluble portion was washed with water and then recovered as a 

white powder by freeze-deyi.ng. 

4. Treatment with saturated. sodium chlorid.e solution: Almslnium 

pectate (l g.) was dissolved. in water (lOO ml.) to which saturated. solution 

of sodium chlorid.e was add.ed. very slowly. After adding 10 ml. of the 

sodium chlorid.e solution the precipitate formed therein was separated. 

by centrifugation. The solid residue, in this case, was soluble in wa.ter. 

The supem.atant solution was dial,.zed and. then precipitated with ethanol. 

The precipitate was recovered in the ueual way. 

Enz;ymic HydroJ.nie of Untractionated Ammonium Pectate 

lulm>nium pectate (1 g.) was dissolved in water (lOO ml.) to 

wh;J.ch pectinase (200 JQg.) was ad.ded. The solution wae dial.yzed in 

cellophane tubing (2. 7 cm. diameter) against distilled water (61) at 

room temperature. The dialyzate was withdrawn atter 6 boure and replaced 

with fresh distilled. water. Four fractions of dia1yzate were collected 
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by changing water every sixth hour. The dialy'zates were concentrated, 

treated with Amberlite IR-l20(H) and tractionated by paper chromato

graphy using solvent B. The tirst traction {atter 6 hrs.) contained 

most or the oligosaccharides. 

Partial Aeid Hydro].zsis of Crude Pectin 

The crude a.am:mium pectate ( 7. 5 g.) was dissolved in water 

(l94 ml.) and concentrated sulturic acid ( 6 ml.) was added. The resulting 

turbid solution was heated under reflux on a boiling water bath tor .3.5 

hours. The degraded pectic acid was recovered by adding acetone to the 

cooled solution. The precipitate was reeovered iil the usual way. The 

tiltrate and washings were combined and concentrated to res:>ve acetone, 

neutralized with barium carbonate, tiltered, and treated with Amberlite 

IR-120(H). The solution thus obtained contained monomers and oligomers. 

This partial aeid hydrolyzate, atter being concentrated, was chromato

gra}iled using Amber lite CG-45 (formate torm). The eolUJIII'l was eluted 

with water to remve all neutral sugars and then with tormie aeid using 

gradient elution (0- 0.2N). The acid.ic oligosaecharides were not 

separated well in this case. Theretore, all tractions containing aeidic 

oligosaccharides and so.œe galaeturonic aeid were mi.x:ed and shaken with 

ether several times to re.DDve tormie acid. The aqueous layer was 

concentrated and tractionated by paper chromatogra}ily using solvent D. 
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PARr II 

The Polzgalacturonic Acid 

The polJgalacturonic acid waa auspended in water and neutralized 

with sodium bicarbonate. The resulting clear solution was precipitated 

with ethanol and recovered in the usual way. The sodium salt of poly

galacturonic aeid (1.0 g.) was treated with pectinase in the sam.e way 

as described before. Atter treatment with Amberlite IR-120{H), the 

hydrolyzate (0.401 g.) was resolved into five fractions, namely galact

uronic acid (160 mg.), digalaeturonic aeid (56 mg.), trigalacturonic 

acid (40 mg.), tetragalaeturonic acid (12 mg.) and pentagalacturonic 

acid (approx. 2 mg.) using paper chroma.tography in solvent B. The dim.er, 

trimer, tetramer and pentamer of galacturonic acid had RGa.lA values of 

0.63, 0.39, 0.24, 0.13 in solvent B and 0.52, 0.26, 0.17 and 0 in aolvent 

C, reapectively. 

Esterification and Reduction 

The polygalacturonic acid (20 g.) was suspended in water (200 

ml.) and propylene oxide (80 ml.) was added (25,75). The mixture was 

shaken slightly for one hour When the turbidity disappeared. Some heat 

was generated during this period. The reaction flask was cooled to room 

temperature and then ahaken for nine days. The esterified product was 

recovered by precipitation with acetone. Yield of the propylene glycol 

ester was 21.5 g. 

The glycol ester {21. 5 g.) was dissolved in water (170 ml.) and 
-

an aqueous solution of sodium borohydride (21 g. in 170 al.) was added 
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d.ropwise over a period of one hour. Som.e glycerol was added to .ma.intain 

the pi at about 8. 5 (30). The solution was allowed to stand. overnight 

atter wbich excess borohydrid.e was destroyed by addition of acetic acid. 

The solution was passed through Amberlite IR-120(H) and concentrated 

to about 400 ml. Methanol (200 ml.) was added and evaporation was 

continued until the volume was reduced to about 200 ml., wben the same 

volume of methanol was added and again evaporated. This treatment was 

repeated three times more. Finally, the viscous aqueous solution (200 

ml.) was added with stirring to 2 litera of a 1:1 mixture of acetone 

and ethanol. The product obtained was re-esterified with propylene 

oxide and subsequently reduced with sodium borohydride in exactly the sam.e 

way as before. Atter a total number of tour esterification-reduction 

cycles, the yield was 13 g. of a white powder, having galactose and 

galacturonic acid in a ratio o:t 94:6, and this reduced product was used 

tor methylation. 

Acetylation (77) 

The pol;rgalacturonic acid (1 g.) was dispersed in water, :treeze

dried and fina.ll;r dried in vacuo over phosphorus pentoxide. It was then 

added to 25 ml. of forma.mide. The suspension was stirred for one hour 

at 40-5o•c, during which time the pol;rsaccharide was dispersed èompletely. 

Pyridine (75 ml.), freshly distilled over barium oxide, was added in 

s.ma.ll portions, and the mixture was cooled to 3o•c. Acetic anhydride {10 

ml.) was added, and the reaction mixture was shaken at room temperature 

tor 12 hours, after which time 10 ml. of acetic anhydride was added. 

Atter a total number of three additions of acetic anhydride and a reaction 

time of two da;rs, the mixture was poured into one liter of ice-cold wa.ter 
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containing 2% of hydrochloric acid. The precipitated ester was stirred 

well, isolated by filtration, washed first with 0.5% cold hydrochloric 

acid and then severa! times wi.th ice-cold water until the washings were 

neutral. Water was displaced with methanol and methanol wi.th petroleWIL 

ether. The final product was dried .!!!_ vacuo over calciWIL chloride. The 

yield was 1.10 g. 

Reduction with Diborane 

The acetylated product was treated with diborane aecording to 

the general procedure of Smith and Stephen ( 73) wb.ich was also auccess

fully applied by McKee am Diekey (74). The diborane was generated in 

situ over a period ot 2 hours under meehanical atirring by the dropwise -
addition of 2 ml. of boron trifluoride etherate, diluted with 1 ml. of 

diglyae ( bis(2-methoxyethyl)ether] to a solution ot 0.4 g. ot sodiWIL 

borohydride dissolved in 12 ml. ot diglyme. In this solution 1.1 g. 

of the acetylated p:üysaceharide was suspended. Stirring was eontinued 

for an additiona.l 3 hours. The reaction mixture was allowed to stand 

overnight and was then decomposed by addition of ice-water. When 

evolution of hydrogen bad ceased, the .mixture was neutralized with O. 5N 

sodium hydroxide to Pi 7 and p:>ured into two volumes of ethanol. The 

precipitate was recovered by filtration, washed with ethanol and petroleum 

ether, and dried in vacuo over calcium chloride. Yield 0.6 g. On 

hydrolysis, this product gave galacturonic acid and galactose in a ratio 

ot 3:2. 

Methylation of the Beduced Pollgalaeturon~c Acid 

The reduced polygalacturonic acid (10.5 g.) was dissolved in 
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wa.ter (195 ml.) and sodium hydroxide (lOO g.) wa.s added wi.th stirring 

in an at.1110s}ilere ot nitrogen. Dimethy"l sulfate (70 ml.) was added over 

a period of 8 hours at about 1o•c. The addition of sodium hyd.roxide and 

dimethyl sulfate was repeated three times. Each time aolid sodium. 

hyd.roxide (85 g.) and dimethyl sulfate (170 ml.) were added. Cbod 

stirring waa assured throughout by addition of water Whenever neceasary. 

Atter about 40 hours, the reaction product was neutralized carefully 

wi.th conoentrated sulturic acid, and 5Q% acetic acid was added to bring 

the PI to 4. The solution was heated to boiling, when the methylated 

product separated as a cake at the surface. The latter was recovered by 

filtration, washed wi.th some hot water and dried in ~· The combined 

tlltrate and washings were ex.tracted with chlorotorm. The chlorotorm 

extraot, atter evaporation, was mixed with the other p>rtion. The 

combined partially aethylated produot was redissolved in chlorotorm, 

dried over anhyd.rous sodiWI sulfate, evaporated, and dried over }ilosphorus 

pentoxide _!!! ~· The yield was 8.0 g. 

The partially methylated p>l;ysaccharide ( 8 g.) was dissolved 

in diaethyl fo:rmamide ( 90 ml.) which had been dried over barium oxid.e and 

diatilled shortly before use. Freshly prepared dry silver oxide (.35 g.) 

and methyl iod.ide (.35 ml.) were ad.ded to the solution and then shaken 

in the dark for 24 hours at room temperature. Two mre siailar additions 

ot methyl iodide and silver oxide were made, and some Drierite was also 

added, the mixture being shaken tor 24 hours each time. Atter a reaction 

time of .3 da;ys, the mixture wa.s filtered and the residue was washed with 

chlorotor.m. Some white crystalline precipitate, presumably an addition 

product or silver iodide - oxide and dimethyl tormamide appeared which 

wa.s reB>ved by filtration. The chloroform solution was washed with 5% 
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potassium cyanide (2 x 200 ml .. ) and water (3 x 200 ml.) and dried over 

anhyd.rous sodium sulfate. The solution was filtered through folded 

paper, concentrated to about 100 ml., and added slowly with vigorous 

stirring to 1 liter of petroleum. ether. A fibrous precipita te appeared, 

which was washed with petroleum. ether and dried over Jiiosphorus pentoxide. 

Iield 3.5 g. OCH3, calculated for a tully methylated hexosan 45.6%, found: 

OCHy 42.4%; (a.)n +125• (c, 1.1 in chloroform.). 

Methanoll!iS and Hydr()ll!iS 

The methylated product (2 g.) was refluxed with O. 7N anhydrous 

methanolic hydrogen chloride (60 ml.) for 7 hours. The resulting solution 

was neutralized with silver carbonate, filtered through Celite, treated 

with hydrogen sulfide, again filtered through Celite and evaJX)rated to 

dryness. The product was dissolved in N-sulfuric acid (50 ml.) and 

boiled under reflux for 8 hours. The acid was neutralized with barium 

carbonate, filtered through Celite, washed with distilled water, 

concentrated to a sma.ll volume, treated with Amberlite IR-12o(H), 

filtered, and evaporated to give a sirup. Yield 1.6 g. 

Separation of Methylated Sugars 
t 

Paper chromatographie examination of the sirupy mixture of 

methylated sugars in solvents G and H suggested the presence of three 

components. A }X)rtion of the sirup was fractionated by using Whatma.n No. 

3 MM filter paper with a wick of Whatma.n No. 50 pa.per in sol vent H. The 

various fractions were eluted quantitatively from the chromatograms with 

water and concentrated to a small volume. One fraction whieh did not 

move from the starting line was treated with Amberlite IR-120(H) and Darco 
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G-60 eharcoal. The other fractions were treated wi.th a mixture of Amber-

lite IR-l20(H), IR-45(0H) exchange resins and wi.th Darco G-60 charcoal. 

The solids were remved by filtration (Whatma.n .No. 5 tilter paper) and 

wa.shed with an alcohol:wa.ter (1: 1) mixture until the washinge gave a 

negative Molisch test. After evaporation to dryness,, the solid residue 

was extracted with ethyl acetate, which was filtered. Evaporation to 

dryness gave clear pale, yellow sirups which were dried in vacuo over 

phosphorus pentoxide. 

Preparation ot Methylated Galactan and Hydr?lysis 

The methylated pol7saccharide still containing some uronic acid 

residues was further reduced and then .m.ethylated.. A sma.ll quantity (0.8 

g.) wa.s dissolved in dry tetrahydrofuran (15 ml.) to which ·lithium 

aluminum hydride (0.5 g.) in tetrahydrofuran (25 ml.) was added slowly, 

af'ter which the mixture wa.s retluxed for 2 hours. The reduced methylated 

polysaccharide, af'ter separation from inorganic salta by treating with 

cation and anion exchange resins, was methylated twice with .m.ethyl iodide 

and silver oxide to give a .m.ethylated galactan (0.4 g .. ), [a.)0 +128° (c, 

1.0 in chlorofom). Found. OCH
3

, 42. 7%. Methanolysis and subsequent 

hydrolysis were carried out as described before. Three sp:>ts coulet be 

d.etected on the paper chroma.togram. In addition to 2,3,4, 6-tetra-0-

methyl-D-galactose (minor) and. 2,3, 6-tri-0-Jllethyl-D-galactose (major part) 

amther spot correspond.ing to 2,3-di-0-Jllethyl-D-galactose was observed. 

Identification of Metwlatecl Suga.rs 

Fractions a, b, and c as shown in Table 11 were identitied by 

comparing the RG values, and specifie rotations with values reported. in 
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the 1iterature and fina.lly b;y their conversion to ccysta.lline derivatives. 

2,;3,4,6-Tetra-0-aethyl-D-ela.ctôse [traction (a)] - The sirup which had 

[a.) 0 +102• (c, 0.5) a.nd. RG values 0.9 and 0.8 in solvants Gand H, 

respectivel;y, was characterized by conversion to its aniline derivative 

which was prepa.red by retluxing the sirup with a mixture or aniline and 

ethanol (llO). Remova.l or the sol vent by slow evap>ration gave only a 

tew ecystals, which were caretully removed and recrysta.llized trom 

ethanol to give m.p. and mixed m.p. 196-19S•c. 

2,;3,6-Tri-0-methyl-D-pla.ctose [traction (bil- This siruphad (a.)0 +84• 

( c, 1.1 in water), ard Ra values O. 73 and O. 5 in sol venta G and H, 

respectivel;y. It wa.s converted to the corresponding aldonic acid by 

oxidation with bromine (111). Atter lactonization in vacuum at 6o•c tor 

2 hours, tllœ product (2,;3,6-tri-0-Me-D-ga.lactonola.ctone) cr)"Sta1lized. 

It was recr)"Sta.llized from ethyl ether, m.p. and m:ixed m.p. 97-9s•c. 

The methyla.ted uronic acid [traction {c)J - This minor traction which 

did not move in solvent H wa.s treated with Amberlite IR-120(H) and then 

completely dried. The product wa.a retluxed witb anhydrous m.etbano1ic 

hydrogen chloride (O. 7N). The re sul ting product was reduced vith lithium 

aluminum hydride in tetrahydroturan. Atter hyd.I'Ol)"Sis of the glycoside 

with N-sulturic acid, the product gave only one spot in solvent Gand H 

correap>nding to a di-O-aeth)'"1ga.la.ctose. The aniline derivative had. 

m.p. 130-132•c which agreed with the reported values tor aniline deriv

ative ot 2,;3-di-~th)'"1-D-ga.lactose {102,10;3). 
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Determination or the Number-Averase Kolecular Weigb.t of the Methylated 

Ga.lactan 

The osmometric measurements were carried out with JDOditied (ll2) 

Zimm-Kyerson type (113) osmometerà, provided with gel cellophane membranes~ 

The solvent was a mixture or chlorororm ani ethanol (9:1, v/v). The 

temperature was maintained at 30 ~ O.Ol°C and the static method or 

measuring the osD)tic height was used. The resulta obtained are presented 

grap:lically in Fig. 17. From the plot the value or (b/W)w-o was 0.28, 

corresponding to a .mlecular weight of 91,785 and an approximate number 

average D.P. or 450. 

SZ?thesis or 2,3,4,6-tetra-0-aethyl-D-galactose · 

D-Ga.lactose (lOO g.) was methylated by the Haworth procedure (68}, 

using dimethyl sulfate in excess at the initial stage. The methylated product, 

obtained by extracting the reaction mixture with chloroform, was purified 

by distillation in high vacuwa to give a sirupy mixture ( 92.5 g.} or a.- and 

p-galactosides. A portion or this was hydrolyzed with N-sulfuric acid to 

give 2,3,4,6-tetra-~ethyl-D-galactbse, which was chromatograJhically pure 

and rormed crystalline aniline derivative having m.p. 193-194°C. 
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FIGURE 17 

Oamom.etcy data. for aethyla.ted ga.la.ctan 

h = the height of solution (cm. ) 

W =concentration (g./kg.) 
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PARI' III 

The Water-Soluble Pectic Acid 

Attempted Fractionations 

Attempts were made to fractionate the water-soluble pectic acid 

using calcium chloride, cetyltrimethylammoniuœ hydroxide, ethyl alcohol 

and diethylaminoethylcellulose (phosphate form) in the same way as described 

before in the case of unfractionated aliDOnium pectate (Part I). 

M.ethyla tion 

The water-soluble pectic acid (8 g.) was dissolved in water (200 

ml.) and sodium hydroxide (70 g.) was added. Dimethyl sulfate (70 ml.) 

was added dropwi.se at 1o•c during six. hours while the reaction mixture 

was being vigorously stirred, and nitrogen was passed through the systea. 

The addition of sodium hydroxide (70 g.) and dimethyl sulfate (70 ml.) 

was repeated once m:>re. Atter 20 hours the contents of the flask were 

diluted with water and neutralized with sulturic acid, after which the 

}ii was adjusted to 5. 5 by addition of acetic acid. No precipita te was 

formed when the solution was heated to boiling. The solution was cooled 

and extracted with chloroform. From the chloroform extract only a few 

milligrams of ma.terial could be obtained. The solution was dialyzed 

against running tap water to remove all salta, concentrated and treated 

with silver carbonate. The silver salt was !reeze-dried and then dried 

in ~ over calcium chloride and p:>ta.ssium hydroxide. The dried silver 

salt (5.1 g.) was refluxed with a mixture of dry methanol (25 ml.) and 

methyl iodide (75 ml.) for 4 hours. Some Drierite was added together with 

silver oxide (4 g.) and the reaction was continued for another 4 hours. 
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The product obtained atter removal of the inorganic substances was methyl

ated three times with methyl iodide (3 x 75 mL) and silver oxide (3 x 

4 g.) by shaking the reaction mixture at room temperature for a total 

period of five days. The m.ethylated product (1. 5 g.) had ( a]0 +na• 

( c, O. 6 in chloroform); OCH
3

, 39.2%, not raised by further methylations. 

Hydrolysis of the Methylated Polysaccharide and Resolution of the 

H;ydrolyzate _ 

N-Sulfuric acid (30 ml.) was added to the methylated methyl 

pectate (1.2 g.). and the solution was refluxed for 12 hours. At first, 

the methylated polysaccharide did not dissolve completely, but after 

20-30 minutes the solution became clear. The solution was neutralized 

with barium carbonate, filtered through Celite, and waahed with water. 

The combined filtrate and washings, after treatment with Amberlite IR-

120(H), was concentrated to a small volume at 3o•c and added to the top 

of a column of Dowex 1-14 (acetate) exchange resin. The column was 

first eluted with water until the eluate showed a negative Molisch test. 

The aqueous eluate was concentrated at 30° :!:. 2•c to a sirup (270 mg.) 

which wa.s resolved into six fractions (Nl to N6) as shown in Table 14 

by means of pa.per chromatography in sol vent H. The column was then 

eluted with Jo% acetic acid until the eluate showed a negative test for 

sugar. The acid solution was concentrated several times with water to 

remove acetic acid completely and then dried to a sirup (645 mg.) Which 

was a mixture of different methylated uronic acids. 
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Methanolysis of the Mixture of Methylated Uronic Acide and Reduction, 

Hydrolzsis, and Separation of Methylated Suprs 

The acid sugar mixture (645 mg.) was refluxed with anhydrous 

methanolic hydrogen chloride (lN) tor 6 hours. The acid waa neutralized 

with silver carbonate, and the solution waa tiltered through Celite, 

washed with methanol, treated with hydrogen sultide, filtered through 

Celite a&ain, concentrated to a sirup, and dried over phoapborus pent

oxide. The dry sirup was diaaolved in tetrahydroturan (50 ml.) and 

lithium aluminua hydride (1.0 g.) waa added alowly during one hour, 

while the mixt'l\l"e was being retluxed. The mixture waa retluxed tor 

another hour after which the excess hydride was destroyed by addition of 

eth;yl acetate and water. The insoluble material was reJœved by centri

fugation and extracted with ethanol and acetone. The combined supernatant 

liquid and extracta were concentrated to a sirup which was retluxed with 

N-sulfuric acid tor 7 hours. Atter neutralization with barium carbonate, 

the mixture or neutral methylated sugars was recovered in the usual Yiay 

and resolved into tive fractions (Al to A5) as shown in Table 13. 

Fraction A4 was turther resolved into t-wo componenta. In both cases 

separation was achievecl by paper chroma.tograpby in solvants H and A, 

respectively. 

Iclentitication ot the Methylated Susars 

Fraction Al: 2,3,4-tri-0-methyl-D-galactose 

The aniline derivative of this traction was prepared by refluxing 

5 mg. of the sample with 2 drops of aniline anet 1.0 ml. of ethanol. On 

evaporation a tew crystals appeared, with m.p. and mixed m.p. l64-l66°C. 
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Fraction A2: 2,3-di-0-methyl-D-gaJactose 

This fraction had an MG value of 0,32; calcd. for c8H16o6: 

OMe, 29.8%. Found: OMe, 28.8%. Ru values are given in Table 1.3. An 

aliquot of this fraction (40 mg.) was refluxed wi.th aniline (40 mg.) 

and ethanol (2.5 ml.) for 3 hours. After evaporating the solvant, a 

small quantity of ether was added to the product when crystals appeared. 

The latter were recrystallized from a mixture of ethanol:ethyl ether (1:1); 

m.p. 130-1.3100. Different melting points have been reported in the 

literature for the anilide of 21.3-di-0-methyl-D-galactose as show.n below. 

The m.p. obtained in the present case agrees well with some of them. 

Melting points of the anilide 
of 2.3-di-0-Me-D-galactose 

130-l31°C 

l28-129°C 

1.39-l40°C 

154-155°C 

Fraction A4(i): 3-0-methyl-D-ga1actose 

References 

(10.3) 

(102) 

(.32) 

(114) 

This compound gave co1or reaction with tripheny1tetrazolium 

hydroxide. The Mu and 1\r values are given in Table 13. It had a higher 

MG value than 2-0-methy1-D-galactose. Calcd. for c
7
H
14 

o6: OMe, 16.0%. 

Found: OMe) 15.1.3%. 

Fraction A4{ii): 2-0-methyl-D-galactose 

This ~raction gave no color reaction with tripheQyltetrazolium 

chloride in alkaline medium. The Mu and RG values are presented in 

Table 13. On long standing at room temperature the sirup crystallized, 

m.p. 145.5°C. Calcd, for c7H
14

o6: OMe, 16.0%. Found: OMe, 14.9%. The 

aniline derivative of this fraction crystallized; m.p. l59-1610C (115). 
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Fraction A5: D-galactose 

This product was chromatographically and ionophoretically 

indistingaishable from D-salactose. 

Fraction Nl: 2,3,5-tri-0-methzl-L-arabinose 

On demethylation this fraction gave only arabinose. The 

methylated susar (20 mg.) wae dissolved in water (5 ml.) to 'Which eeven 

drops or bromine vere added an<;t kept in the dark tor 48 boure. E:x:cess 

bro~e was removed by aeration and the solution wa.s neutralized with 
' 

silver carbonate. The filtrate was treated with Amberlite IR-l20(H) 

and eonaentrated at 90•c in vacuo for about JO minutes to yield the 

lactone. Treatment or the lactone with anb,nrous aethanolic amamia at 

room temperature for 24 hours furnished a crystalline product, 2,3,5-

tri-0-aethyl-L-arabonuide, m.p. and mix:ed m.p. 134-lJ;•c. 

Fraction N2: 213,~,6-tetra-0-metbyl-D-galactose 

This compound was chromatogra}ilieally and ionophoretically 

pure and was characterized as 2,3,4,6-tetra-0-methyl-D-galactose by its 

conversion to the aniline derivative, wbich bad m..p. and mix:ed m.p. 193-

Fraction NJ: di-0-methyl-L-arabinose 

On demethylation, this traction gave mainly arabinose and a 

trace of xylose. The aniline derivative of this component could not be 

crystallized. The ~ values (Table 14) suggested that it might be a di-0-

methyl-L-arabinose. 

Fraction N5: J-0-methyl-L-rhamnose 

On demethylation this compound save only rhamnose. The MG and 

Ra values are given in Table 14. It bad R h 1.48 and 1.42 com.pa.red r amnose 

to the values of 1.50 and 1.45 in solvents D and F reported (116) for 
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3-0-aethyl-L-rhamnose. Rrhamnose in solvent G vas 1.5. Fractions Nl, N2 

and N5 were examined with thin layer (Silica Gel G) chroma.tograJity using 

solvent'H .vith sulfuric acid as the spraying reagent. ill sugars gave 

single spot in different locations. · After long standing at room temper

ature, few cr75tals appeared in the sirup of Fraction N5, sollè of which 

wre remved, washed with methanol and then dried on a vatch-glass in 

vacuo over calcium chloride. M.p. 106-lOS•c. Reported m.p. for J-0-

methyl-L-rhamnose lll-114 •c (32). 

Enzec Hyàro].zsis 

Enzymic hydrolysis of the water-soluble pectic acid (1 g.) with 

pectinase (200 ag.) was carried out in the same way as described in Part 

I. For the comparative atudy with the polygalacturonic acid (Na-salt), 

the sodium salt of the water-soluble pectic acid was prepared and subjected 

to the action of pectinase. 

lnhibited Enzymic Hydro].ysis 

ln this case the purified SJDIIIOnium peetate ( unfr.actionated) was 

used. Ammonium pectate (1.0 g. dissolved in 50 ml. of water), pectinase 

(200 mg. dissolved in 50 ml. of water) and arabonolactone (4 g. dit=Jaolved 

in 25 ml. of vater) were mixed together and kept at room temperature for 

five hours. The solution was then heated on a water-bath to inactivate 

the enzyme. The cooled solution was dialyzed against distilled water for 

12 hours. The dialyzate waa concentrated and ke·pt at 4 •c for severa! 

days when a considerable quantity of arabonolactone sepa.rated out. The 

clear solution from the top was decanted and treated vith Amberlite IR-

120(H). The crude hyd.rolyzate was pa.ssed through a colwan of Dowex 1-.!4 
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(acetate), 'Which was washed. with water until the eluate gave a negative 

test tor sugar, atter 'Which the coluœn was eluted. with Jo.% acetic acid. 

After rell)val or acetic acid the prod.uct was examined by paper chromato

graphy in solvants A, B, C and D, which did. not show any new spot in 

addition to those obtained with the normal enzymic hydrolyzate or the 

a.IJIJK:)niWI. pee ta te. The ace tic acid-elua te, atter being dried, was 

completely hydrolyzed by refluxing with N-sulturic acid for 14 hours, 

giving only galacturonic acid. 

Auto-hydroll!is 

The water-soluble pectic acid (500 mg.) was dissolved in water 

(180 ml.) and heated unde~ reflux tor 24 hours at 90•c. Atter concentrat

ion, the solution was poured into ethanol and the precipitate recovered 

b;y filtration. The tiltrate was concentrated and exam:ined by paper 

chromatography in solvents C, E and F. The precipitate was completely 

hydrolyzed using 72% sulturic acid. 

Partial Hyùro1ysis with Oxalic Acid 

The water-soluble pectic acid (JOO mg.) was dissolved in O. lN 

oxalic acid (JO ml.) and heated on the water-bath. Aliquote (J ml.) 

were withdrawn as outlined in Table 18. Ethanol was addeà to each ali

quot, 'When a precipitate appeared which wa.s reJDPved by centrifugation. 

The supernatant solution was concentrated to remove ethanol, treated 

with barium carbonate and deionized With Amberlite IR-12o(H). The 

residue, atter centrifugation, was washed with ethanol and petroleua 

ether, dried in ~ over calcium chloride. The product wa.s hyàrolyzed 

with 72% sulturic acid. This h7ùrol;rzate and the partial hyd..rolysate were 
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examined in solTents A, B and E. 

Partial Hzd!O].zsis with Formic Acid 

The pectic acid (250 mg.) was dissolved. in water (15 ml.); 9~ 

tormic acid. (15 ml.) was ad.d.ed, and the solution was heated on a water

bath. The partial hydrolyzates and the degrad.ed. pectic acide were 

collected in the same wa7 as described. in the previous case. The tormic 

acid was eliminated b7 evap:>ration with water several ti.aes and the 

saaple was retluxed with O. 5N sulturic acid. tor about 10 minutes to 

h1drolyze to~te esters. The sulturic acid was neutralized with barium 

carbonate, and the solution was filt.ered througb Celite, treated with 

Amberlite IR-l20(H) and exaained b7 paper chromatograph7 in solvents A, 

B and. E. 

Partial Hydroll!is witb. Sulturic Acid 

A similar experi.aent was carried out using sulturic acid. The 

pectic ac id (1. 0 g.) was dissolved in lN sulturic acid and refluxed on 

the water-bath. Aliquots were withdra"W!l as sho"W!l in Table 21 and treated. 

in the eam.e way as described in the case of the partial hydrolTSis with 

o.xalic acid. 

I.arge-Scale Partial Hzsiroll!is 

Puritied &JIIII)nium pectate (40 g.) was dissolved in water ( 972 

ml.) and concentrated sulturic acid (28 m.l •. ) was added, att.er which the 

solution was heated und.er reflux on a boiling water-bath tor .3.5 hours. 

Atter cooling, an equal volume of acetone was added. The precipitate 

tormed was recovered. by filtration and washed with acetone:water (1: 1). 
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The filtrate and washings were concentrated, neutralized with barium 

carbonate, and treated with Amberlite IR-120(H). The degraded pectic 

acid (18 g.) gave only galacturonic acid on h;ydrol;ysis. The partial 

h;ydrolyzate was added to the top of a column of Amberlite CG-45 (formate 

form), anion exchange re sin. The column was eluted with water until the 

eluate gave negative Molisch test. It was then eluted with increasing 

co~centrations (O. OOlN -> 2N) of formic ac id. Each test tube was 

qualitatively tested for sugar by staining with o-aminodipehnyl and by 

measuring the optical rotation. Eight fractions were collected and each 

of thea was exaained by paper chromatograJ*ty in different solvent 

systeu. 

The acidic oligosaccharides containing rhamnose were mostly 

present in one fraction and this was, theretore, resolved into its 

cc;;,mponents using paper chromatography in solvent D. 

Since the di- and trigalacturonic acide were not obtained in 

single fraction and were contaminated also by other sugars, they could 

not be isolated in a good ;yield in this way. For turther characteriz

ation, they were, the re .tore, iaolated in ;rields ç,f' 1. 0 g. and O. S g., 

respectively, b7 treating untractionated alliiW)nium. pectate (P~rified) 

{15.0 g. in 1.5 litera of water) with pectinase (3.0 g.) in the same wa7 

as described betore. Paper chromatography" was carried out in solvent B 

using Whatman No. 3MM filter paper stitched with a wick of No. 1 filter 

pa.per. 

Characterization of Oligosaccharide ( d) (Table 22] 

This oligosaccharide was sepa.rated from the other oligoaers and 

galacturonic acid b7 using pa.per chromatography in aolvent D. The 
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ieolated •terial wa11 turther };llrified by ion exchange chrosaatograph;y. 

The solution was added to the top ot a column ot Dow:x 1-.14 {acetate), 

which waa then waah•d thoroughl7 with water. The oligoaaccharide waa 

eluted with 3a,C acetic acid. Atter re1110val ot acetic acid by evaporation 

with water aeveral times, the aqueoua solution waa treated with Amberlite 

IR-120(8) and charcoal, concentrated and dried .!!!_ vacuo over calcium 

ch1oride. Yie1d, 0.3 g., (aJ 0 +los•. The oligosaccharide gave a single 

ap:>t on chroma.tograph.y" in ditterent solvent syste• and alao on pa.per 

e1ectrophoreaia, and showed intrared absorptions at the tollowing 

frequenciea (cm-1): 3390 (a), 2970 (a), 2930 {m), 2600 (w), 1740 (a), 

1635 (m), 1455 (a), 1425 (m), 1350 (a), 1270 (a), 1235 (a), 1157 (a), 

1087 (a), 1065 {a), 1035 (a), 1021 (s), 972 (a), 950-838 (w), 820 (m), 

765 (w) and 740 (w). 

A p:>rtion ot the oligoaaccharide (50 mg.) waa retluxed with 

dry methanolic hyd~gen ehloride (lN) and the reaulting me thyl ester

meth71 gl.ycoside was reduced with sodium boroh.yd.ride. The reduced 

product was hydrolfZed with N-aulturic acid, giving galactose and 

rhamnoae. 

Another p:>rtion ( 5 mg.) waa dissolved in water ( 1. 0 al.) 

to which. sodium boroh;rdride ( 5 mg.) was added and kept ovemight at 

room temperature. The exceas borob.yd.ride wa.a destroyed with ace tic acid, 

and the solution waa treated with Amber lite IR-120(H). Borie acid waa 

re1110ved b;r repeated evap:>ration with methanol at 45-5o•c. The reduced 

product was completel7 hydrolfZed with N-sulturic acid. 

Methzlation - The oligoaaccharide (140 mg.) waa diaaolved in 

wa.ter ( 8 al.) in a three-necked round bot tom tlaak which was placed in 

water ( temp. 20 ! 1). Nitrogen vas paaaed through the a;ratea and 
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vigoroua stirring wa.s maintained during the course of the reaction. First, 

20 ml. ot ,30$ sodium hyd.roxide wa.s added. Dimethy1 sulfate (10 al.) 

was added dropwiae very slovly during 2 hours. T'NO turther additions of 

the reagents were made during another 4 hours, atter which the reaction 

mixture wa.s stirred tor two hours JIK)re. The solution was heated in the 

boi1ing water-bath tor 10 minutes, coo1ed and aciditied vith sulturic 

acid. The aqueous solution was extracted witb chlorotora (.3 x .300 al.), 

and the chlorotora extract was concentrated to a sirup (78 ag.). When 

a small quantity of diethy1 ether was added cryatallization occurred. 

Atter receystallization from. a chlorotorm:ether mixture (1:1), the 

compo~d m.ethy1 2-0-(2,.31 4-tri-O-aethyl-D-galactopyranosy1uronic acid)

.3,4-di-o-methy1-L-rhamnopyranoside dihydrate had a.p. 66-68•c, [«Jn +98• 

( c, O. 52 in ohlorofora), and OCH.3' .39. 9%. The intrared spectrUJil, 

obtained vith a Perkin-El.m.er Intracord. speetroJÏlotoaeter, has been 

presented in Fig. 18. 

Reduction and !!zdrol.yais ot the Methrlated Product 

Boron trU'1uoride-ether eoap1ex (4.0 g.) in dig11JU (10 al.) 

was added dropwise with stirring durin& one hour to sodiwa borohyd.ride 

in dig}JM (10 ml.) through which a slow stream. ot nitrogen waa paaaed, 

and the liberated diborane was pa.saed into tetrahydroturan (40 al.). 

Diborane in tetrahyd.rofuran (1. 5 al. ) wa.a added to the 

aethylated oliaosaccbaride (51 ag.) in tetrahJdrofuran (1 al.).· The 

sol~tion waa kept at·rooa temperature tor .3 hours, exeess ot diborane waa 

destroyed by the addition of ethanol and water, the solution wa.s d.ried, 

and the residue wa.s repeated1y evaporated with methanol to remove borie 

acid. Th<' resulting product was hyd.rolyzed with N-sulturic acid (ret1u:x:ed 
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FIGURE 18 

In!rared spectrum for aethyl 2-0-(2,3,4-tri-0-methyl-D

galactop,yranosyluronic acid)-3,4-di-0-aethyl-L

rhamnopyranoside dihydrate 
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tor 4 hours). The hydrolyzate was recovered in the usual way and then 

resolved into tw components (Table 23) by pa.per chroaatograj:hy in 

solvent H. 

TABLE 23 

Methylated sugars obtained on hydro1ysis ot the meth7lated 
galacturonosy1 rhamnose 

atter reduction with diborane 

Weight, RG values Sugar on 
Fractions (mg.) in so1vent demethylation 

G H 

I 12.0 0~67 0.3.'3- galactose 

II 10.1 o.s; o.75 rhamnose 

Characterization ot Oligosaccharide (b) (Table 22) 

Probable 
assignment 

2,3,4-tri-~ethyl-
D-galactose 

3,4-di-o-..thyl-L
rhamnose 

This oligosaccharide was freed trom the contaminating oligo

saccharide (a) by renewed chroaatography in sohrent D, treated with 

Amber lite IR-120(H) and charcoal, and finally obtained as 'a white p:>wd.er 

(89 mgo ), which gave single sp:>t on paper chromatography and electro

phoresis. It had l a.]D +118° (c, O. 5 in water) and showed intrared 

absorption bands at the tollowing frequencies (cm-1): 3380 (s), 2940 (w), 
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2900 (m), 2600 (w), 1735 (a), 1630 (m), 1410-1227 (a), 1148 (s), 1075 (a), 

1030 (a), 982 (m), 947-835 (w), 814 (m), 790 (w), 750 (w) and 700 (w). 

Partial hydrolysis - The oligoaaccharide (15 mg.) was dissolved 
; 

in 0.2H sulturic acid (6 al.) and retluxed tor 45 minutes. !tter 

neutralization with barium carbonate and treatment with Amberlite IR-120(H), 

the resulting solution was concentrated and examined in solvent D. 

In another experiment the oligosaccharide (15 mg.) was treated 

with sodium boroh)'dride in aqueous solution tor 24 hours, and. the reduced 

product was parti.ally h1d.rolyzed with 0.2N sulturic acid. The resulta 

obtained on pa.per chromatograpb.y are sumaarized as tollows: 

Sugars 
(detected on the paper chromatogram) 

Oligosaccharide 

Reduced 
oligosaccharide 

Galacturonic 
a cid 

++ 

trace 

Rhamnose 

++ 

Galacturonos;rl 
rhamnose 

+ 

+ 

Methylation - The oligosaccharide (25 mg.) waa methylated wf,th 

dim.ethyl sulfate and sodium h1d.roxide in the usual wa;r. The aethylated 

product could not be induced to crystallize and was turther treated with 

silver oxide and methy1 iodide. After shaking tor two days the sirup 

(15 mg.) was recovered and completely h1drolyz~d with N-sulturic acid. 
" 

The h)'drolyzate showed two s}X)ts, one ot which did not move troa the 

starting line in solvent H, and was probably due to a methylated uronic 

acid, while another s}X)t bad RG O. 76 in solvant H. This was JX)ssibly 

3,4-di-0-aetb;rl-L-rhamnose. 
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Characterization o:f Oligosaceharide ( e) (Table 221 
This oligoeaccharide was obtained on enzymic hy'drolysis or pure 

a.mr~~Pniua pectate. It was treated with Amber lite IR-120{H) and charcoal 

and recovered in the usual way. The isolated material gave a single sp:>t 

on chromatograJhy (RGa.lA 0.2.3, 0.60, 0.51 and 0.18 in so1vents A, B, C 

and D, respectively) and on paper electrophoresis (MG 0 •. 95); [a.]0 +154 • .3 

(e, 0.5); deeomp:>ses at 125-lJs•c. The calcium ~alt bad (a.] 0 +11.3• {c, 

o. 5 in N hydrochloric acid). The intrared spectrua of the digalacturonie 

aeid showed absorption at the following frequencies (cm-1): .3410 (s), 

29.30 (m), 2840 (w), 2750 (w), 1746 (s), 1645 (w), 1420 (m.), 1.345 (m.), 

12.3.3 (m), 1158 (s), 1105 (s), 1080 {s), 1060 (m), 10.30 (s), 955 (m), 

898 (m), 870 (w), 814 (m) and 800 (w). 

Conversion to galactobiose - The oligosaccharide ( 600 ag. ) was 

added to trimethy1orthoformate (15 ml.) to which concentrated hydrochloric 

acid (2 drops) was added. The solid did not dissolve completely on 

shaking for 12 hours at room temperature. When the mixture was heated 

to 40°C complete dissolution occurred. The solution was allowed to 

stand at room temperature :for another 12 hours, a:fter which it was 

neutralized with diazomethane in ether and the resultant solution was 

evap:>rated to a sirup, which was dissolved in dioxan (20 ml.). Lithium 

alum.inua hydride ( 800 ag. ) was add.ed slowlY' and the reaction mixture was 

retluxed tor one hour. Atter tw hours the excess or the hydriQ.e was 

destroyed by the addition of ethyl acetate tollowed by water. The s1urry 

was filtered, and the tiltrate was treated with Amberlite IR-120(H) and 

4B (acetate), :filtered again, and evap:>rated to a sirup. The latter was 

dissolved in O.lN hydrochloric acid (10 ml.) and lett :for 20 hours at 

room temperature, a:fter which it was passed through a colu.mn eontaining 
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Amberlite 4B (acetate). The eluate was concentrated to a sirup (120 mg.), 

which on chromatography sbowed mainl.J" one spot (Rgalactoae 0.19 in solvent 

E) vith a .taint spot corresponding to galactose. The latter was reJII)ved 

by paper cbroatography in solvent E. The puritied product was identical 

with an authentic aample o.t an a.-(1 --> 4)-linked galactobiose, both 

chromatographically and ionophoretically, although it could not be induced 

to cryatallize. The disaccharide had [a]0 +175• (c, 0,5), RGalactose 0.39 

in solvent I, Rzactose 1.09 in solvent A and MG 0.5. On complete hydrolysis 

it gave onzy galactose. 

Preparation of the meth{l ester - meth7l gl7coside ot the penta

acetate ot diplacturonic acid - The digala.cturonic acid (lOO mg.) was 

boiled under reflux with 2% dr;r methanolic hyùrogen cbloride .tor 10 hours. 

A.tter neutralization with silver carbonate, filtration through Celite, and 

evaporation, a hard siruw ma.terial was obtained. The product, which 

was not acidic and did not give any color with o-aminodiphen.yl in acetic 

acid, was dissolved in wridine (7.5 ml.), and acetic anhydride (2.5 ml.) 

was added. A.tter 24 boure at room temperature, the solution waa poured 

into ice-water (80 ml.) and the aqueous solution was extracted with 

chlorotorm. The ch.loro.torm wa.s extracted three times with ice-cold, 10% 

hydrochloric acid and subsequently three times with a saturated sodium 

bicarbonate solution. After drying over anhj'tlrous sodiwa sulfate, the 

chlorotorm solution was evaporated to yield a yellow sirup which .tailed to 

crystallize; [a]0 +97• (c, 0.8 in chloro.torm). 

Characterization ot Olilf)laccharide (a) lTable 22J 

This oligpsaccharide from the un.tractionated a..oniua pectate, 

was treated with Amberlite IR-120(H) and cbarcoal and recovered in the 
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usual way. It gave a single spot on chromatogr&:Pl7 (Raa,l.A. values 0.04, 

0 • .39, 0.26, 0.05 in solvents A, B, C and D, respectivel7} and on 

electrophoresis (MG 0.97). It had [a]0 +1$7.2 {c, 0.6), and melted 

lfith decomposition at l35-142•c. The calcium salt had [a)0 +149• {c, 

0.4 in N hydrochloric acid). The infrared spectrum showed maxima at the 

tollowing frequencies (cm-1): .3420 (s), 29.30 (m), 2650 (w}, 2580 (w), 

1745 (s), 1640 (w), 1415 (m}, 1275 (m), 12.30 (m), 1155 (a), 1105 (s), 

1080 (s), 1065 (s), 1025 (a), 995 {m), 952 (m), 890 (m), 865 (w), 828 

(m) and 800 ( w). 

Partial bzd.rolzsis - The oligosaccharide (.30 mg. ) was dissolved 

in O. 5N sulturic acid (.3 ml.) and heated on the water bath for 45 minutes. 

The hydrolyzate contained galacturonic acid, digalacturonic acid and some 

trigalacturonic acid ( pLper chromatogram). 

Methanolpis, reduction, and •thylation (100} - The oligosacchar

ide (600 mg.) was dissolved in dry metbanolic hydrogen chloride (1.5% v/v; 

50 ml.) and the solution was kept in a stoppered vessel at room temperature 

tor 24 hours. The solution was neutralized with silver carbonate, filtered 

and evaporated. The resulting substance, which did not give any color 

with o-aminodiphenyl in acetic acid, was dissolved in water (25 ml.) and. 

borohydride (200 mg.) was added. Atter 60 hours at room temperature, the 

reaction mixture was acidified with acetic acid, treated with Amberlite 

IR-120(H) and evap>rated several times from methanol. Finally, the 

reduced product was methylated. with dimethyl sulfate and sodium hydroxide 

in the same way as d.escribed. in the case of oligosaccharide (d). The 

prod.uct obtained was turther methylated at room temperature with methyl 

iodide and silver oxide in the presence of Drierite for two days. An 

aliquot on hydrolysis showed the presence of' some acidic methylated sugar. 
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The methylated product wa.s theretore turther reduced with lithiwa aluai.nua 

hydride in tetrah)'droturan and the reduced product wa.s treated with aethyl 

iodide and silver oxide, giving a product with OCH
3

, 45.4%. Calcd. for 

C29R54016: OCH3' 52.1%. 

On h)'drol.Tsis of the aethylated product (lOO mg.) three components 

were obtained Wh.ich vere separated by paper chromatography in solvent H. 

One traction (20 mg.) was identitied as 2,3,4,6-tetra-~ethyl-D-galactose 

{Ru 0.9 and 0.8 in solvents Gand H respectively) by its conversion to 

the aniline derivative, m.p. and mixed m.p. 192-194•c. Another traction 

(35 mg.) was identitied as 2,3,6-tri-0-aethyl-D-~lactose (R0 0.62 and 

O. 5 in solvents Gand H respectivel.T) by its conversion to the correspond-

ing galactonolactone, m.p. and mixed m.p. 97-98•c. The third traction 

(21 mg.) had (a)D +so• (c, 0.8), R0 0.5 and 0.2 in solvents Gand H 

respectively and MG 0.31, and did not crystallize. Its aniline derivative 

could not be induced to crystallize. 
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Sti4MARY AND CLAlKS TO ORIGINAL RESEARCH 

1. Crude aJIIIDniua pectate waa obtained. trom the bark ot amabilia 

fir ( Abiea amabilia { Dougl.) Forb .1 in a yield ot 5.4% ot the extractive

tree bark. 

2. The crude product waa puritied b7 precipitating calcium pectate 

and regenerating the a.ta)nium salt. The pu-itied. pectin obtained in a 

7ield ot .32.7% ot the crude product save on hydrol15ia D-galacturonic 

acid, D-galactose and L-arabinoae in a ratio ot 85:4:11 and alao a trace 

ot L-rhamnoae. 

3. The puritied ammonium pectate waa tound to be tree trom an,.. 

neutral po17Saccharide by ion exchange chromatograpbJ' on diethJ"lamino

ethylcellulose (phosphate torm) and aleo by other tractionation methode. 

4. It wae diecovered. that the puritied a.JIID)nium pectate could be 

resolved into two tractions b7 several different methode on the basie 

ot the difference in solubilit7 or the tree acids in water. TreatMnt 

with Alrberlite IR-120(H) exchange reain, acidification with dilute 

acid and application of electrophoresia-convection technique were uaetul 

al.moet to the same extent to achieve this tractionation. B7 the addition 

ot an aqueous solution ot sodium chloride to the water-solution of the 

a.-nium pectate ( untractionated) it wa.a possible to obtain two eimilar 

tractions. Ot course, in this case the pol71accharidee were recovered 

as salta. 

5. One traction (water-insoluble), obtained in a 7iel.d. of 5~ ot 

the untractionated aateria.l, gave only D-salacturonic acid on hydrol,...is. 



- JJ:Î-

Pree boundar7 electrophoresis suggested that this galacturonan was 

ho•geneous. 

6. The second traction ( water-soluble), obtained in a 7ield ot 

3~ ot the untractionated material contained D-galacturonic acid, D

galactose, L-arabinose and L-rhamnose in a ratio or 73:7:18:2. This 

water-soluble pectic acid could not be resolved turther b7 various 

rractionation methods. Although this does not constitute an unequi

vocal proot ot chemical unitorait7, the neutral sugars were probablT 

integral parts ot the pectic acid. 

7. Hyd.rol7sis or the J»lTgalacturonic acid with pectinase gave 

D-galacturonic acid, and its di-, tri-, tetra- and pentamera haTing 

a.(l --> 4)-linkages. 

8. SuccessiTe reduction, aeth7lation and hyd.rol7sis ot the J»l.T-

galacturonic acid gaTe main17 2,3,6-tri-0-methTl-D-galactose, a minor 

amount ot 2,3,4,6-tetra-~eth7l-D-galactose and a amall quantit7 or 

2,3-di-0-meteyl-D-galacturonic acid. The m.eteylated p:>lysaccharide had 

number average degree ot polymerisation or 450. 

9. The aboye data showed that the pol7galacturonic acid consisted 

of a linear chain or (1 --> 4)-linked a.-D-galactopTranos7luronic acid 

residues. 

10. The water-soluble pectic acid was meth7lated and hydrol7Zed 

and the O-meth7l sugars were resolTed into an acidic and a neutral 

fraction. 

11. The acidic part, atter reduction, was resolnd into 2,3-di-0-
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methyl-D-galactose (major part), 2-0-methyl-D-galactose (minor part), 

.3-0-m.ethyl-D-galactose (minor part), D-galactose (minor part) and a very 

small amount of 2,.3,4-tri-0-m.ethyl-D-galactose. 

12. The neutral fraction consisted of 2,3,4,6-tetra-0-methyl-D-

galactose and 2,.3,5-tri-0-aethyl-L-arabinose together with small quantities 

of 3-0-aethyl-L-rhamnose, 2,.3,4-tri-0-m.ethyl-D-galactose and an unknown 

di-0-methyl-L-arabinose. 

13. The above data suggested that the water-soluble peetic acid 

consisted of a backbone of (1 --> 4)-linked a-D-galacturonic acids, which 

p>ssessed som.e branching p>ints at C-2 or C-3 ot the galacturonic acid 

and that mst ot the D-galactose and L-arabinose, but not the L-rha.mnose 

wre present as non-reducing end groups. Ail ot the rhamnose and soae 

ot the galactose and arabinose residues occurred as inner unite, either 

in the main chain, or, in neutral aide chains. 

14. Hydrolysis of the water-soluble pectic acid with pectinase gave 

rhamnose, arabinose, galactose, galacturonic acid, di-galacturonic acid, 

tri-galacturonic aeid and traces of higher oligosaccharides. 

15. Partial hydrolysis of the water-soluble pectic acid under 

different conditions revealed that arabinose was readily remved compared 

to other neutral sugars and that rhamnose wa.s comparatively stable •. 

16. Four different acidic oligosaccha'rides, which originated from 

the water-aoluble pectic acid, were identitied. 

17. An oligosaccharide containing D-galacturonic acid and L-rhamnose 

in equimolecular proportions was identified as 2-0-(a-D-galactopyranosyl-
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uronic acid)-L-rhamnop,yranose. 

18. An oligpaaccharide containing D-salacturonic a~id and L-rhamnose 

in an approximate ratio ot 1:2 was tentatively characterized as 0-a..-D

galacturonosyl-(1 --> 2)-0-L-rha.mnopyranos;yl-(1 --> 2)-L-rhamnose. 

19. The digalacturonic acid waa identitied as 4-0-(a..-D-gala.cto-

pyranosyluronic acid)-D-galacturonic acid. 

20. .The trigalacturonic a.cid waa shown to be 0-a.-D-gala.cturonoayl-

( 1 --> 4)-0-a..-D-galacturonoayl-(1 --> 4)-a.-D-gala.ctop,yranosyluronic acid. 

21. . It was shown by intrared spectroacopy tb.a.t the D-galactopyranosyl-

uronic acid reaidue in ita oligpmers and pol.ymera probably torms unstable 

lactone during concentration ot aqueous solution or, more likely, during 

drying pro cess of the aolid or sirup over calcium chloride ~ va.cuo. 


